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Dédié à mes grands-parents

$EVWUDFW
1p2Mib THv  p2`v T`QKBM2Mi `QH2 BM Qm` HB72bX h?2`27Q`2 KMv bQ+BH K2/B /Q+mK2Mib /2b+`B#2
Q` `2 `2Hi2/ iQ bQK2 2p2MiX >Qr2p2`- Bi Bb /B{+mHi 7Q`  ?mKM iQ ;i?2` `2H2pMi BM7Q`KiBQM
rBi?Qmi Mv bi`m+im`2 BM i?2b2 /Q+mK2MibX h?2 Q`;MBxiBQM Q7 bQ+BH K2/B /Q+mK2Mib rBi?
`2bT2+i iQ 2p2Mib i?mb b22Kb iQ #2  T`QKBbBM; TT`Q+? iQ #2ii2` KM;2 M/ Q`;MBx2 i?2 2p2`@
BM+`2bBM; KQmMi Q7 +QMi2Mi i?i Bb b?`2/ mbBM; bQ+BH K2/B TTHB+iBQMbX Ai Bb  +?HH2M;2
iQ miQKiBx2 i?Bb T`Q+2bb bQ i?i BM+QKBM; /Q+mK2Mib +M #2 bbB;M2/ iQ i?2B` +Q``2bTQM/BM;
2p2Mi rBi?Qmi Mv mb2` BMi2`p2MiBQMX
AM i?Bb /Bbb2`iiBQM r2 T`2b2Mi M 2p2Mi@#b2/ bi`2K +HbbB}+iBQM 7`K2rQ`F i?i Bb #H2 iQ
+HbbB7v  M2p2`@2M/BM; bi`2K Q7 bQ+BH K2/B /i BMiQ  ;`QrBM; M/ 2pQHpBM; b2i Q7 2p2MibX
"v /QBM; i?Bb- r2 bm++2bb7mHHv T2`7Q`K i?2 bbB;MK2Mi Q7  bQ+BH K2/B Bi2K M2rHv mTHQ/2/
iQ bQK2 bQ+BH K2/B bBi2 iQ Bib +Q``2bTQM/BM; 2p2Mi UB7 Bi H`2/v 2tBbibV Q` +`2i2  M2r 2p2Mi
iQ r?B+? 7mim`2 /i Bi2Kb +M #2 bbB;M2/X q2 `272` iQ i?Bb T`Q#H2K b i?2 2p2Mi /2i2+iBQM
T`Q#H2K M/ T`QTQb2 iQ mb2 K+?BM2 H2`MBM; i2+?MB[m2b iQ i+FH2 BiX
q2 bm++2bb7mHHv //`2bb b2p2`H F2v +?HH2M;2b i?i `Bb2 BM i?Bb +QMi2ti, BV ?M/HBM; i?2 /i BM
 bi`2K@#b2/ b2iiBM;- BX 2X //`2bbBM; i?2 +?HH2M;2b `BbBM; 7`QK i?2 M22/ iQ T`Q+2bb  M2p2`@
2M/BM; bi`2K Q7 /i- BBV b+HBM; iQ i?2 /i bBx2b M/ `i2b mbmHHv 2M+QmMi2`2/ BM bQ+BH K2/B
TTHB+iBQMb- M/ BBBV i+FHBM; i?2 M2r 2p2Mi /2i2+iBQM T`Q#H2K- BX 2X i?2 T`Q#H2K Q7 /2i2`KBMBM;
r?2i?2` M BM+QKBM; /i Bi2K #2HQM;b iQ  M2r Q` iQ M H`2/v FMQrM 2p2MiX
q2 //`2bb i?2b2 +?HH2M;2b i?`Qm;?  +HbbB}+iBQM TT`Q+? HHQrBM; mb iQ T`Q+2bb i?2 /i BM
QM2 bBM;H2 TbbX 6m`i?2`KQ`2- r2 BM+Hm/2  bmBi#H2 +M/B/i2 2p2Mi `2i`B2pH bi2T r?B+? `2i`B2p2b
 b2i Q7 2p2Mi +M/B/i2b i?i i?2 BM+QKBM; /i TQBMi Bb HBF2Hv iQ #2HQM; iQ M/ r2 BM+Hm/2 
7mM+iBQM i`BM2/ mbBM; K+?BM2 H2`MBM; i2+?MB[m2b i?i /2i2`KBM2b r?2i?2` i?2 BM+QKBM; /i
TQBMi #2HQM;b iQ i?2 iQT@b+Q`2/ +M/B/i2 Q` `i?2` iQ  M2r 2p2MiX h?2 T2`7Q`KM+2 Q7 Qm`
bvbi2K Bb KtBKBx2/ mbBM; /Bz2`2Mi QTiBKBxiBQM bi`i2;B2b bQ i?i Bi QmiT2`7Q`Kb KMv Qi?2`
bii2@Q7@i?2@`i TT`Q+?2bX
6m`i?2`- r2 2ti2M/ Qm` 7`K2rQ`F bQ i?i Bi +M #2 mb2/ BM  KmHiB@Tbb b2iiBM;X lbBM; i?Bb
TT`Q+? r2 b?Qr i?i r2 +M BKT`Qp2 i?2 [mHBiv Q7 i?2 +Hmbi2`BM; bB;MB}+MiHv BM +QKT`BbQM iQ
i?2 bBM;H2@Tbb TT`Q+?- r?BH2 HbQ HQr2`BM; i?2 +QKTmiiBQMH iBK2 #v QM2 Q`/2` Q7 K;MBim/2X
q2 b?Qr i?i i?Bb 2ti2MbBQM +M #2 mb2/ BM  bi`2K@#b2/ b2iiBM; r?BH2 `2+?BM; i?2 [mHBiv
Q7  +QKTmiiBQMHHv p2`v 2tT2MbBp2 Q|BM2 +Hmbi2`BM; H;Q`Bi?KX
q2 T`Qp2 i?i Qm` ?B;?Hv 2{+B2Mi TT`Q+? Bb +T#H2 Q7 bm++2bb7mHHv +Hmbi2`BM;  `2H@rQ`H/ M/
MQM@iQv /ib2i #v BMi`Q/m+BM;  M2r /ib2i +QMbBbiBM; Q7 mb2`@+QMi`B#mi2/ BK;2b iQ;2i?2`
rBi? bbQ+Bi2/ K2i/i /2b+`B#BM; i?2 2p2Mib i?2v /2TB+iX h?2 /ib2i rb H`2/v Tm#HBb?2/
L
2`HB2` M/ Bb r2HH FMQrM BM i?2 +QKKmMBivX Pm` bBM;H2@Tbb M/ KmHiB@Tbb bi`i2;B2b `2+? M
6@K2bm`2 b+Q`2 Q7 33XeW M/ NjXNW- `2bT2+iBp2HvX AM +QM+HmbBQM- r2 b?Qr i?i Qm` 7`K2rQ`F
Bb MQi QMHv +T#H2 Q7 //`2bbBM; i?2 #Qp2 K2MiBQM2/ +?HH2M;BM; Bbbm2b #mi HbQ QmiT2`7Q`Kb
Qi?2` bii2@Q7@i?2@`i TT`Q+?2b BM i2`Kb Q7 [mHBiv M/ b+H#BHBivX
LL
$FNQRZOHGJPHQWV
h?2 rQ`F T`2b2Mi2/ BM i?Bb i?2bBb rb +``B2/ Qmi BM i?2 a2KMiB+ *QKTmiBM; ;`QmT- ?2/2/ #v
S`Q7X .`X S?BHBTT *BKBMQ- i i?2 6+mHiv Q7 h2+?MQHQ;v- lMBp2`bBi i "B2H272H/X Ai rb T`iBHHv
bmTTQ`i2/ #v i?2 .2mib+?2 6Q`b+?mM;b;2K2BMb+?7i U.6:V- 1t+2HH2M+2 *Hmbi2` kdd ǳ*Q;MBiBp2
AMi2`+iBQM h2+?MQHQ;vǴ U*Ah1*VX
.m`BM; Kv S?.- i?2`2 r2`2 MmK2`Qmb T2QTH2 i?i ;p2 K2 ?2HT7mH +QKK2Mib- `2K`Fb- +`Bi@
B+BbKb- M/ 2M+Qm`;2K2MiX HH i?Bb bmTTQ`i ?2HT2/ K2  HQi M/ BKT`Qp2/ i?Bb /Bbb2`iiBQM
7m`i?2`X h?2`27Q`2 A rQmH/ HBF2 iQ i?MF 2p2`v bBM;H2 T2`bQM 7Q` i?2B` pHm#H2 BMTmiX
1bT2+BHHv- A rQmH/ HBF2 iQ i?MF Kv bmT2`pBbQ` S?BHBTT *BKBMQX Ai rb ?BK- r?Q #2HB2p2/ BM
K2 M/ ;p2 K2 i?2 +?M+2 iQ /Q i?Bb S?.X >2 ?/ Hrvb Tmi  HQi Q7 2zQ`i ;mB/BM; K2- M/ A
K KQ`2 i?M i?MF7mH 7Q` i?2 +?M+2 iQ #2M2}i 7`QK i?BbX >2 MQi QMHv FM2r 2t+iHv r?2M Bi
rb M2+2bb`v iQ Tmb? K2 #+F QM i?2 `B;?i Ti?- #mi Hrvb rb pBH#H2 r?2M A ?/ [m2biBQMb
Q` M22/2/ /pB+2X
A HbQ rMi iQ bv i?MF vQm iQ Kv }`bi +QHH#Q`iQ`b 7`QK lMBp2`bBi i >BH/2b?2BK- G`b a+?KB/i@
h?B2K2- E`BbxiBM "mx- M/ Gm+b .`mKQM/X Ai rb  TH2bm`2 iQ +QHH#Q`i2 rBi? vQm M/
vQm` B/2b M/ QTBMBQMb /2}MBiBp2Hv ;p2 K2 pHm#H2 ?BMib iQ #`BM; Kv `2b2`+? 7Q`r`/X
6m`i?2`KQ`2- A rQmH/ HBF2 iQ i?MF a?HQKQ :2p 7Q` i?2 ;`2i bmTTQ`i /m`BM; Kv `2b2`+? biv
i i?2 Zm22MbHM/ lMBp2`bBiv Q7 h2+?MQHQ;v- mbi`HBX >2 M/ *?`Bb /2 o`B2b ?2HT2/ K2  HQi
iQ Q`;MBx2 i?2 J2/B1pH aQ+BH 1p2Mi .2i2+iBQM +?HH2M;2 M/ ;p2 K2 7m`i?2` B/2b QM Kv
rQ`FX
aT2+BH i?MFb ;Q iQ Kv +QHH2;m2b *?`BbiBM lM;2` M/ *Q`/ qBHD2b 7`QK Kv rQ`FBM; ;`QmT 7Q`
i?2 MmK2`Qmb ?Qm`b i?2v ?p2 bT2Mi iQ T`QQ7@`2/ i?Bb i?2bBbX A HbQ rMi iQ i?MF a2#biBM
qHi2`- JtBKBHBM SMxM2`- PHBp2` "2v2`- M/ HH i?2 Qi?2`b Q7 Kv +QHH2;m2bc vQm K/2 Kv
DQm`M2v bQ 2MDQv#H2 M/ T`QpB/2/ K2 rBi? KQ`2 i?M T`Q72bbBQMH /pB+2X
A HbQ rMi iQ i?MF Kv 7KBHv- 2bT2+BHHv Kv KQi?2` M 7i?2`- r?Q Hrvb #2HB2p2 BM K2X h?2v
K/2 HH i?2 +?B2p2K2Mib Q7 Kv HB72 TQbbB#H2 #v i?2B` mMHBKBi2/ bmTTQ`iX
Gbi #mi MQi H2bi- A HbQ ?p2 iQ bv i?MF vQm iQ Kv rB72 C2MMvX a?2 ;p2 K2 i?2 bi`2M;i?
M/ ?b #22M QM Kv bB/2 /m`BM; HH i?2b2 v2`bX a?2 +QMi`B#mi2/  HQi M/ ;B7i2/ K2 rBi? ?2`






RXRX JQiBpiBM; lb2 *b2b X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 9
RXkX :QH M/ *?HH2M;2b X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 8
RXkXRX *Hmbi2`BM; Q7 G`;2 .ib2ib X X X X X X X X X X X X X X X X X X X X X X X X X d
RXkXkX *Hmbi2`BM; Q7 *QMiBMmQmb .i ai`2Kb X X X X X X X X X X X X X X X X X X X 3
RXkXjX *HbbB7vBM; Q7 *QM+2Ti .`B7iBM; hBK2 a2`B2b .i X X X X X X X X X X X X X X Ry
RXkX9X LQBbv .i X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X Ry
RXjX _2b2`+? *QMi`B#miBQMb Q7 i?Bb .Bbb2`iiBQM X X X X X X X X X X X X X X X X X X X X X RR
RX9X ai`m+im`2 M/ PmiHBM2 Q7 i?Bb h?2bBb X X X X X X X X X X X X X X X X X X X X X X X X X Rk
 )XQGDPHQWDOV RI 7KLV :RUN 
kXRX 6`QK i?2 *i2;Q`BxiBQM A/2 iQ 1p2Mi *Hmbi2`BM;, .2}MBiBQM M/ .2p2HQTK2Mi X R8
kXRXRX *i2;Q`BxiBQM BM S?BHQbQT?v ě h?2 *HbbB+H oB2r X X X X X X X X X X X X Re
kXRXkX *i2;Q`BxiBQM BM *Q;MBiBp2 Sbv+?QHQ;v ě h?2 S`QiQivT2 oB2r X X X X X X Re
kXRXjX 1p2Mi *Hmbi2`BM; *?`+i2`BxiBQM X X X X X X X X X X X X X X X X X X X X X X R3
kXkX *?`+i2`BxiBQM Q7 M 1p2Mi X X X X X X X X X X X X X X X X X X X X X X X X X X X X X R3
kXkXRX 1p2Mi .2}MBiBQM BM S?BHQbQT?v X X X X X X X X X X X X X X X X X X X X X X X X ky
kXkXkX 1p2Mi .2}MBiBQM BM *Q;MBiBQM M/ Sbv+?QHQ;v X X X X X X X X X X X X X X X X kk
kXkXjX 1p2Mib BM _2+2Mi GBi2`im`2 Q7 J+?BM2 G2`MBM; M/ AM7Q`KiBQM _2i`B2pH k9
kXkX9X .Bb+mbbBQM M/ .2}MBiBQM X X X X X X X X X X X X X X X X X X X X X X X X X X X kd
 )RXQGDWLRQV DQG 5HODWHG :RUN 
jXRX *HbbB}+iBQM X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X jR
jXkX *Hmbi2`BM; X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X jk
jXjX .BbiM+2 6mM+iBQMb X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X j9
jX9X EMQrH2/;2@#b2/ *Hmbi2`BM; X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X je
jX8X G`;2@b+H2 S`Q+2bbBM; M/ a+H#BHBiv X X X X X X X X X X X X X X X X X X X X X X X X jd
jX8XRX hbF@#b2/ h2+?MB[m2b X X X X X X X X X X X X X X X X X X X X X X X X X X X X X jd
jX8XkX .i@#b2/ h2+?MB[m2b X X X X X X X X X X X X X X X X X X X X X X X X X X X X X j3
jX8XjX *M/B/i2 _2i`B2pH X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X jN
jX8X9X ai`2K .i X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 9y
Y
&RQWHQWV
jXeX L2r 1p2Mi .2i2+iBQM X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 9R
jXeXRX aiiBbiB+H TT`Q+?2b X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 9k
jXeXkX lMbmT2`pBb2/ TT`Q+?2b X X X X X X X X X X X X X X X X X X X X X X X X X X X 9k
jXeXjX amT2`pBb2/ TT`Q+?2b X X X X X X X X X X X X X X X X X X X X X X X X X X X X 9j
jXdX 1p2Mi A/2MiB}+iBQM M/ .2i2+iBQM X X X X X X X X X X X X X X X X X X X X X X X X X X 99
 (YHQW &OXVWHULQJ 'DWDVHW 
9XRX *`2iBQM M/ *QHH2+iBQM Q7 i?2 .ib2i X X X X X X X X X X X X X X X X X X X X X X X X 8y
9XRXRX 62i+?BM; Q7 J2i/i X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 8R
9XRXkX 62i+?BM; Q7 lTHQ/2` AM7Q`KiBQM X X X X X X X X X X X X X X X X X X X X X X X 8R
9XRXjX 62i+?BM; Q7 SB+im`2 6BH2b X X X X X X X X X X X X X X X X X X X X X X X X X X X X 8k
9XkX G#2HBM; Q7 i?2 .i ě *`2iBQM Q7 i?2 :QH/ aiM/`/ X X X X X X X X X X X X X X 8j
9XkXRX lb;2 Q7 aQ+BH 1p2Mi *H2M/`b 7Q` .i G#2HBM; X X X X X X X X X X X X X 8j
9XkXkX 62i+?BM; Q7 1p2Mi AM7Q`KiBQM 7`QK lT+QKBM; M/ GbiX7K X X X X X X X X 89
9XkXjX G#2HBM; S`Q+2bb X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 89
9XjX .ib2i aiiBbiB+b X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 8e
9XjXRX .i ZmHBiv X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 8d
9XjXkX GB+2Mb2 *QMbi`BMib X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 83
9XjXjX .i SQBMi .Bbi`B#miBQM X X X X X X X X X X X X X X X X X X X X X X X X X X X X 83
9XjX9X .ib2i _2T`2b2MiiBQM 6Q`Ki M/ a+?2K X X X X X X X X X X X X X X X X X 8N
9X9X TTHB+iBQMb Q7 i?2 .ib2i X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X eR
9X9XRX J2/B1pH kyRj X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X eR
9X9XkX 6m`i?2` TTHB+iBQMb X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X eR
9X9XjX 1pHmiBQM S`QTQbH 7Q` *QKT`#BHBiv X X X X X X X X X X X X X X X X X X X X ek
,, 6XSHUYLVHG 6LQJOH3DVV &OXVWHULQJ ZLWK WKH (YHQWEDVHG 6WUHDP &ODVVLILFDWLRQ )UDPH
ZRUN 
 6\VWHP 'HVFULSWLRQ RI WKH 6WUHDP &ODVVLILFDWLRQ )UDPHZRUN IRU D 6LQJOH3DVV 6HWWLQJ 
8XRX S`Q#H2K aii2K2Mi X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X e3
8XkX Pp2`pB2r Q7 i?2 *Hmbi2`BM; 6`K2rQ`F X X X X X X X X X X X X X X X X X X X X X X X X dy
8XjX *M/B/i2 _2i`B2pH ai`i2;B2b X X X X X X X X X X X X X X X X X X X X X X X X X X X X dk
8XjXRX J2bm`2K2Mib 7Q` S2`7Q`KM+2 M/ 1z2+iBp2M2bb X X X X X X X X X X X X X X dk
8XjXkX *M/B/i2 _2i`B2pH ai`i2;B2b X X X X X X X X X X X X X X X X X X X X X X X X dj
8X9X SB`rBb2 62im`2 1ti`+iBQM X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X d9
8X9XRX h2KTQ`H 62im`2b X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X d9
8X9XkX :2Q;`T?B+H 62im`2b X X X X X X X X X X X X X X X X X X X X X X X X X X X X X de
8X9XjX h2timH 62im`2b X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X dd
8X9X9X .Q+mK2Mi@1p2Mi aBKBH`Biv o2+iQ` X X X X X X X X X X X X X X X X X X X X X X d3
8X8X a+Q`BM; M/ _MFBM; ě G2`MBM; aBKBH`Biv 6mM+iBQMb X X X X X X X X X X X X X X X d3
8X8XRX S`Q#H2K 6Q`KmHiBQM mbBM;  amTTQ`i o2+iQ` J+?BM2 X X X X X X X X X X X dN
8X8XkX S`Q#H2K 6Q`KmHiBQM b  .2+BbBQM h`22 *HbbB}+iBQM S`Q#H2K X X X X X X 3R
8XeX L2r 1p2Mi .2i2+iBQM X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 3j
YL
&RQWHQWV
 ([SHULPHQWDO 6HWXS DQG 5HVXOWV RI WKH 6XSHUYLVHG 6LQJOH3DVV &ODVVLILFDWLRQ 
eXRX .2}MBiBQM Q7 1pHmiBQM J2bm`2b X X X X X X X X X X X X X X X X X X X X X X X X X X 38
eXkX PTiBKBxBM; *M/B/i2 _2i`B2pH X X X X X X X X X X X X X X X X X X X X X X X X X X X X 3d
eXkXRX 1tT2`BK2MiH a2iiBM;b X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 3d
eXkXkX _2bmHib X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 33
eXkXjX *QM+HmbBQM X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X NR
eXjX G2`MBM; aBKBH`Biv 6mM+iBQMb X X X X X X X X X X X X X X X X X X X X X X X X X X X X X Nk
eXjXRX 1tT2`BK2MiH a2iiBM;b X X X X X X X X X X X X X X X X X X X X X X X X X X X X X Nk
eXjXkX _2bmHib X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X N9
eXjXjX *QM+HmbBQM X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X N3
eX9X L2r 1p2Mi .2i2+iBQM X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X NN
eX9XRX 1tT2`BK2MiH a2iiBM;b X X X X X X X X X X X X X X X X X X X X X X X X X X X X X NN
eX9XkX _2bmHib X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X RyR
eX9XjX *QM+HmbBQM X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X Ryj
eX8X 6`K2rQ`F b  q?QH2 ě _2bmHib M/ *QKT`BbQM X X X X X X X X X X X X X X X X X Ry9
eX8XRX h`BMBM; M/ PTiBKBxiBQM Q7 i?2 avbi2K S`ib X X X X X X X X X X X X X X X Ry9
eX8XkX "b2HBM2b X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X Ry3
eX8XjX Pp2`HH avbi2K S2`7Q`KM+2 X X X X X X X X X X X X X X X X X X X X X X X X X X RyN
eXeX *QM+HmbBQMb X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X RRy
,,, 0XOWLSDVV 6WUHDP &OXVWHULQJ 
 6\VWHP 'HVFULSWLRQ RI WKH 6WUHDP &ODVVLILFDWLRQ )UDPHZRUN IRU D 0XOWL3DVV 6HWWLQJ 
dXRX S`Q#H2K aii2K2Mi X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X RRd
dXkX avbi2K Pp2`pB2r X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X RR3
dXjX JmHiB@Tbb _2[mB`2K2Mib M/ *?HH2M;2b X X X X X X X X X X X X X X X X X X X X X X X RRN
dXjXRX LmK#2` Q7 Sbb2b X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X Rky
dXjXkX AM~m2M+2 QM 6`K2rQ`F a2iiBM;b X X X X X X X X X X X X X X X X X X X X X X X Rky
dX9X JmHiB@Tbb ai`i2;B2b X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X RkR
 ([SHULPHQWDO 6HWXS DQG 5HVXOWV RI 6XSHUYLVHG 0XOWL3DVV &OXVWHULQJ 
3XRX MHvbBb Q7 6B`bi@Sbb ai`i2;B2b X X X X X X X X X X X X X X X X X X X X X X X X X X X Rkj
3XkX :QH/ aiM/`/ S`2T`iBQM 7Q` i?2 a2+QM/ Sbb X X X X X X X X X X X X X X X X X X X Rk8
3XkXRX ZmHBiv Abbm2b BM i?2 S`2T`iBQM S`Q+2bb X X X X X X X X X X X X X X X X X X Rk8
3XkXkX *`2iBQM Q7 i?2 :QH/ aiM/`/ 7Q` i?2 a2+QM/ Sbb X X X X X X X X X X X X X Rke
3XjX PTiBKBxiBQM Q7 i?2 *HbbB}+iBQM 6`K2rQ`F ai2Tb 7Q` i?2 a2+QM/ Sbb X X X X X Rkd
3XjXRX *M/B/i2 _2i`B2pH X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X Rkd
3XjXkX 62im`2b 7Q` aBKBH`Biv 6mM+iBQM G2`MBM; M/ L2r 1p2Mi .2i2+iBQM X X X RkN
3X9X *Hmbi2`BM; 6`K2rQ`F BM hrQ@Sbb JQ/2 ě PTiBKBxiBQM X X X X X X X X X X X X X Rjk
3X9XRX 1t?mbiBp2 a2`+? 7Q` PTiBKH 62im`2b BM a+Q`BM;- _MFBM;- M/ L2r
1p2Mi .2i2+iBQM X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X Rjj
3X9XkX _2bmHib Q7 i?2 1t?mbiBp2 a2`+? X X X X X X X X X X X X X X X X X X X X X X X Rj9
3X9XjX PTiBKBxiBQM Q7 *M/B/i2 _2i`B2pH ai`i2;v X X X X X X X X X X X X X X X X RjN
YLL
&RQWHQWV
3X8X _2bmHib Q7 i?2 *Hmbi2`BM; 6`K2rQ`F mb2/ BM hrQ@Sbb JQ/2 X X X X X X X X X X X R9R
3XeX *QM+HmbBQMb X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X R9k
,9 &RQFOXGLQJ 5HPDUNV 
 5HPDUNV DQG &RPSDULVRQ RI &OXVWHULQJ $SSURDFKHV 
NXRX S`2`2[mBbBi2b 7Q` 1p2Mi *Hmbi2`BM; X X X X X X X X X X X X X X X X X X X X X X X X X X X R9d
NXkX _2~2+iBQM QM JmHiB@Sbb *Hmbi2`BM; BM  ai`2K@#b2/ a2iiBM; X X X X X X X X X X X R93








jXRX .Bz2`2M+2 #2ir22M mMbmT2`pBb2/ M/ bmT2`pBb2/ H2`MBM; bi`i2;B2b ++Q`/BM; iQ
EmM+?2p (EmMy9) X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X jR
9XRX 1tKTH2 7`QK HbiX7K X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 89
9XkX .Bbi`B#miBQM Q7 TB+im`2b T2` 2p2Mi X X X X X X X X X X X X X X X X X X X X X X X X X X X 8N
9XjX .i#b2 b+?2K 7Q` i?2 _2a11. /ib2i X X X X X X X X X X X X X X X X X X X X X X ey
8XRX Pp2`pB2r Q7 i?2 2p2Mi +Hmbi2`BM; 7`K2rQ`F bvbi2K X X X X X X X X X X X X X X X X X dy
eXRX 1z2+iBp2M2bb Q7 /Bz2`2Mi UbBM;H2@bi`i2;vV +M/B/i2 `2i`B2pH bi`i2;B2b X X X X X X 3N
eXkX _2i`B2pH iBK2 M/ 2z2+iBp2M2bb 7Q` i?2 QTiBKH +QK#BMiBQM Q7 bBM;H2 +M/B/i2
`2i`B2pH bi`i2;B2b Qp2` F X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X Ny
eXjX p2`;2 T`Q+2bbBM; iBK2 7Q` QM2 /Q+mK2Mi Qp2` /Bz2`2Mi F #b2/ QM lTHQ/ hBK2
+M/B/i2 `2i`B2pH bi`i2;v X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X NR
eX9X 62im`2 MHvbBb 7Q` +QKTmiiBQM Q7 SU2%/V Q7 ++m`+v mbBM;  biM/`/ aoJ
rBi? HBM2` F2`M2H X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X Nd
eX8X :`22/v b2`+? 7Q` QTiBKH 72im`2b 7Q` i?2 M2r 2p2Mi /2i2+iBQM ibF mbBM; 
biM/`/ aoJ X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X Ryj
eXeX S2`7Q`KM+2 +QKT`BbQM 7Q` /Bz2`2Mi +M/B/i2 `2i`B2pH bi`i2;B2b Qp2` F X X X X Rye
eXdX *QKTmiBM; iBK2 7Q` /Q+mK2Mi T`Q+2bbBM; mbBM; +M/B/i2 `2i`B2pH BM +QKT`BbQM
iQ MQ +M/B/i2 `2i`B2pH X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X Ryd
dXRX Pp2`pB2r Q7 i?2 2p2Mi +Hmbi2`BM; 7`K2rQ`F bvbi2K mbBM; KmHiBTH2 Tbb2b X X X X X RR3
3XRX MHvbBb Q7 }MH 2p2Mi +Hmbi2`b +QMiBM2/ BM M BMi2`K2/Bi2 +Hmbi2` X X X X X X X X Rke
3XkX 1z2+iBp2M2bb Q7 /Bz2`2Mi +M/B/i2 `2i`B2pH bi`i2;B2b mb2/ 7Q`  b2+QM/ Tbb X X Rk3
3XjX >2i KT b?QrBM; Qp2`HH T2`7Q`KM+2 Q7 i?2 bvbi2K mbBM; /Bz2`2Mi bBKBH`Biv
M/ M2r 2p2Mi 72im`2b mbBM; #2bi i?`2b?QH/ 7Q` M2r 2p2Mi /2i2+iBQM UaoJV X X X Rj9
3X9X >2i KT b?QrBM; Qp2`HH T2`7Q`KM+2 Q7 i?2 bvbi2K mbBM; /Bz2`2Mi bBKBH`Biv
M/ M2r 2p2Mi 72im`2b mbBM; #2bi i?`2b?QH/ 7Q` M2r 2p2Mi /2i2+iBQM U.2+BbBQM
h`22V X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X Rj8
3X8X G2`M2/ /2+BbBQM #QmM/`v Q7 aoJ mbBM; +QK#BMiBQM Q7 bBKi;b Q` bBKiBiH2 X X X X Rjd
3XeX .2+BbBQM h`22 Q7 i?2 bBKBH`Biv /2+BbBQM mbBM; i; 72im`2 QMHv U#2bi T2`7Q`KBM;
QM Qp2`HH ibFV X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X Rj3
3XdX S2`7Q`KM+2 Q7 i?2 +Hmbi2`BM; 7`K2rQ`F BM  irQ@Tbb T`/B;K mbBM; /Bz2`2Mi




9XRX pBH#H2 BM7Q`KiBQM 7`QK irQ bQ+BH 2p2Mi +H2M/`b- HbiX7K M/ lT+QKBM; X X 88
9XkX pBH#BHBiv Q7 72im`2b X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 8d
9XjX lb2 Q7 HB+2Mb2 X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 83
9X9X .Bbi`B#miBQM T2` v2` X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 83
eXRX L22/2/ MmK#2` Q7 F iQ `2+? tW 2z2+iBp2M2bb X X X X X X X X X X X X X X X X X X X X 3N
eXkX p2`;2 bbB;MK2Mi `i2 mbBM;  biM/`/ aoJ X X X X X X X X X X X X X X X X X X X N8
eXjX p2`;2 bbB;MK2Mi `i2 mbBM;  `MFBM; aoJ X X X X X X X X X X X X X X X X X X X X N8
eX9X p2`;2 bbB;MK2Mi `i2 mbBM;  .2+BbBQM h`22 X X X X X X X X X X X X X X X X X X X Ne
eX8X ++m`+v Q7 M2r 2p2Mi /2i2+iBQM 7Q` /Bz2`2Mi MmK#2` Q7 i`BMBM; 2tKTH2b X X X X Ryk
eXeX *QKT`BbQM Q7 b2p2`H +M/B/i2 `2i`B2pH bi`i2;B2b rBi? F 4 R3 iQ MQ +M/B/i2
`2i`B2pH X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X Ry8
eXdX _2bmHib Q7 Qm` TT`Q+? BM +QKT`BbQM rBi? /Bz2`2Mi #b2HBM2b mbBM; i?2 _2a11.
i2bi b2i X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X RyN
3XRX _2bmHib 7Q` BMi2`K2/Bi2 +Hmbi2`BM; mbBM; /Bz2`2Mi bi`i2;B2b 7Q` i?2 }`bi Tbb X X Rk9
3XkX L22/2/ MmK#2` Q7 F iQ `2+? tW 2z2+iBp2M2bb X X X X X X X X X X X X X X X X X X X X RkN
3XjX "2bi T2`7Q`KM+2 QM Qp2`HH ibF QM i`BMBM; b2i mbBM; /Bz2`2Mi bBKBH`Biv 72im`2b
M/ bBKBH`Biv 72im`2 +QK#BMiBQMb X X X X X X X X X X X X X X X X X X X X X X X X X X Rje
3X9X "2bi T2`7Q`KM+2 QM Qp2`HH ibF QM i`BMBM; b2i mbBM; /Bz2`2Mi M2r 2p2Mi /2i2+@
iBQM 72im`2b X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X RjN
3X8X _2bmHib 7Q` +Hmbi2`BM; mbBM; /Bz2`2Mi bi`i2;B2b 7Q` i?2 }`bi Tbb M/ M QTiBKBx2/
b2+QM/ Tbb X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X R9R
NXRX *QKT`BbQM Q7 /Bz2`2Mi +Hmbi2`BM; bi`i2;B2b Q7 J2/B1pH kyRj a1. rBi? Qm`









” A +HBK MQi iQ ?p2 +QMi`QHH2/ 2p2Mib- #mi +QM72bbTHBMHv i?i i?2v ?p2 +QMi`QHH2/ K2Xě #`?K GBM+QHMUS`2bB/2Mi M/ aii2bKMV
LQr/vb- r2 HBp2 BM  rQ`H/ BM r?B+? AMi2`M2i M/ bQ+BH K2/B `2 iF2M 7Q` ;`Mi2/ #v  HQi
Q7 T2QTH2- 2bT2+BHHv vQmM;2` QM2bX Ai Bb r2HH mM/2`biQQ/ i?i mbBM; bQ+BH K2/B Bb  ;`2i rv
Q7 ;2iiBM; +QMi2Mi Tm#HBb?2/ `2+?BM;  rB/2` m/B2M+2X h?2`2 `2 KMv T2QTH2 r?Q 2tT`2bb
i?2B` 722HBM;b- b?`2 BM7Q`KiBQM M/ K2/B #Qmi i?2B` HBp2b mbBM; bQ+BH K2/B TTHB+iBQMb HBF2
6+2#QQF- 6HB+F`- uQmhm#2- 2i+X uQmM; T2QTH2 Tm#HB+Hv B/2MiB7v i?2Kb2Hp2b `QmM/ i?2 +QMi2Mi
i?2v ?p2 TQbi2/ QM i?2 AMi2`M2iX 1p2M +QKTMB2b `2 KQ`2 M/ KQ`2 mbBM; /Bz2`2Mi ivT2b Q7
bQ+BH K2/B +?MM2Hb iQ +QKKmMB+i2 rBi? i?2B` +mbiQK2`bX h?2 Tm#HBb?BM; Q7 +QMi2Mi ?b M2p2`
#22M 2bB2` i?M iQ/v rBi? HH i?2 TQbbB#BHBiB2b bQ+BH K2/B bBi2b `2 Qz2`BM; QM i?2 AMi2`M2iX
h?2`27Q`2- i?2 /i T`Q/m+2/ mbBM; i?2b2 TTHB+iBQMb Bb +?`+i2`Bx2/ #v M 2p2`@BM+`2bBM;
KQmMi Q7 +QMi2Mi `2T`2b2MiBM;  +QMiBMmQmb- M2p2`@2M/BM; /i bi`2K ;`QrBM; i p2`v ?B;?
`i2bX
b Q7 a2Ti2K#2` kyR9- `QmM/ j8y-yyy K2bb;2b T2` KBMmi2 `2 7Q` 2tKTH2 TQbi2/ pB hrBii2`R-
 TQTmH` b2`pB+2 7Q` TQbiBM; b?Q`i i2ti K2bb;2b Q7 i KQbi R9y +?`+i2`b iQ 7QHHQrBM; T22`bX
M BK;2 /i#b2 #v u?QQ AM+X- 6HB+F`k- r?2`2 T2QTH2 `2 #H2 iQ mTHQ/ i?2B` TB+im`2b iQ-
+QmMi2/ M p2`;2 Q7 k-8yy TB+im`2b mTHQ/2/ T2` KBMmi2 BM kyRjX q?BH2 i?Bb Bb H`2/v  ?B;?
pHm2- QM 6+2#QQFj-  TQTmH` bQ+BH M2irQ`F bBi2- 2p2M KQ`2 TB+im`2b `2 mTHQ/2/, #Qmi
k8y-yyy T2` KBMmi2X b T2QTH2 HBF2 iQ b?`2 r?i ?TT2Mb `QmM/ i?2K- Bi b22Kb Q#pBQmb
i?i KQ`2 M/ KQ`2 T2QTH2 `2 mbBM; i?2B` /B;BiH +K2`b iQ iF2 TB+im`2b Q7 BKTQ`iMi M/
BMi2`2biBM; ?TT2MBM;b BM i?2B` HB72 r?B+? i?2v `2;mH`Hv mTHQ/ iQ bQ+BH M2irQ`F TTHB+iBQMb
QM i?2 AMi2`M2iX h?Bb /Q2b MQi QMHv BM+Hm/2 ?TT2MBM;b i?i +QM+2`Mb i?2K T2`bQMHHv #mi HbQ






JMv bQ+BH K2/B bBi2b /Q MQi QMHv T`QpB/2 i?2 TQbbB#BHBiv iQ b?`2 K2/B U2X ;X TB+im`2b Q`
pB/2QbV #mi //BiBQMHHv 2M#H2 T2QTH2 r?Q `2 T`i Q7 i?2B` QMHBM2 +QKKmMBiv iQ 2M`B+? K2/B
Bi2Kb rBi? i2timH /2b+`BTiBQMb HBF2  iBiH2 Q` +QKK2MibX b  `2bmHi- MQi QMHv i?2 KQmMi Q7
K2/B mTHQ/2/ iQ i?2b2 b2`pB+2b Bb biBHH BM+`2bBM; 2p2`v v2`- #mi HbQ i?2B` bbQ+Bi2/ i2timH
K2i/iX
>Qr2p2`- rBi?Qmi Mv bi`m+im`2 BM i?2b2 /i +QHH2+iBQMb Bi Bb /B{+mHi 7Q`  ?mKM iQ iF2 Qmi
`2H2pMi BM7Q`KiBQMX MQi?2` +?HH2M;2 Bb iQ +QK#BM2 HH `2H2pMi BM7Q`KiBQM #Qmi  +2`iBM
2p2MiX 6Q` KMv T2QTH2 Bi Bb ?B;?Hv /2bB`#H2 iQ #`Qrb2 M/ b2`+? i?Bb +QMi2Mi BM  72bB#H2 M/-
KQ`2 BKTQ`iMiHv- BM  Mim`H rv `2~2+iBM; ?mKM +Q;MBiBp2 T2`+2TiBQMX q?BH2 bQ+BH K2/B
+QMi2Mi biBHH F22Tb T`QHB72`iBM;- i2+?MB[m2b 7Q` bi`m+im`BM; i?Bb KbbBp2 /i #2+QK2 +`m+BHX
b 2p2Mib THv  T`QKBM2Mi `QH2 BM i?2 rQ`H/- M/ i?2 HB72 Q7  ?mKM #2BM; Bb +?`+i2`Bx2/ #v
Q++m``2M+2b M/ 2p2Mib- KMv Q7 i?2 BM7Q`KiBQM M/ /Q+mK2Mib mTHQ/2/ iQ bQ+BH K2/B bBi2b
`2 `2Hi2/ iQ bQK2 2p2MiX _2b2`+? #v Tbv+?QHQ;Bbib ?b 7QmM/ Qmi i?i i?2 KMM2` Q7 #2BM;
2p2Mi@/`Bp2M Bb BM i?2 Mim`2 Q7 ?mKMb (q**yd)X h?2`27Q`2-  +i2;Q`BxiBQM Q7 bQ+BH K2/B
/Q+mK2Mib BMiQ 2p2Mib b22Kb iQ #2  T`QKBbBM; TT`Q+? iQ mb 7Q` #2ii2` Q`;MBxBM; i?Bb ?m;2
KQmMi Q7 mb2`@;2M2`i2/ +QMi2Mi BM bQ+BH K2/B TTHB+iBQMbX
 0RWLYDWLQJ 8VH &DVHV
hQ/v- i?2`2 Bb M BM+`2/B#H2 MmK#2` Q7 TQbbB#BHBiB2b 7Q` H2Bbm`2 +iBpBiB2bX lM7Q`imMi2Hv- KQbi
T2QTH2Ƕb bT`2 iBK2 /Q2b MQi HHQr iQ i`v HH Q7 i?2Kc mbmHHv i?2 +iBpBiB2b ?p2 iQ #2 +?Qb2M
rBb2Hv BM Q`/2` iQ Q`;MBx2 QM2Ƕb H2Bbm`2 iBK2 2z2+iBp2HvX b T2QTH2 `2 bQ+BHHv +QMM2+i2/ QMHBM2-
i?2 [m2biBQM `Bb2b r?v i?2v b?QmH/ MQi KF2 mb2 Q7 i?2 2p2Mi BM7Q`KiBQM T`QpB/2/ #v i?2B`
7`B2M/b M/ Qi?2`b QM i?2b2 bQ+BH K2/B bBi2b 7Q` i?2B` T2`bQMH THMMBM;bX AM r?i 7QHHQrb r2
T`2b2Mi i?`22 Q7 i?2b2 mb2 +b2bX h?2`27Q`2- H2i mb BK;BM2 HB+2 M/ aBKQM-  vQmM;2` +QmTH2X
*b2 Rě_`2 1p2Mi ii2M/BM;, HB+2 T`QTQb2b iQ ;Q Qmi iQ  bKHH 2p2Mi +HH2/ ǳlMBp2`bBiv
.M+2 62p2` LB;?iǴ r?B+? Bb iFBM; TH+2 i i?2 +Biv mMBp2`bBiv KBM ?HHX >2` 7`B2M/ aBKQM
HbQ HBF2b iQ ;Q Qmi #mi- b M2Bi?2` HB+2 MQ` ?BK /B/ ?2` #Qmi i?2 2p2Mi #27Q`2- ?2 Bb MQi
rBHHBM; iQ bT2M/ KQM2v M/ iBK2 7Q` pBbBiBM; M mMFMQrM MB+?2 2p2Mi r?B+? Bb KQ`2 i?M M
?Qm`Ƕb /`Bp2 rvX 6Q` i?i `2bQM- ?2 i`B2b iQ b2`+? `2H2pMi BM7Q`KiBQM #Qmi i?2 2p2Mi QM i?2
AMi2`M2iX *QMi``v iQ r2HH@FMQrM M/ H`;2 2p2Mib HBF2 i?2 oB2MM PT2` "HH Q` i?2 :`KKv
r`/b +2`2KQMv- #Qmi r?B+? BM7Q`KiBQM M/ QTBMBQMb 7`QK Qi?2`b `2 2bv iQ }M/- Bi Bb KQ`2
/B{+mHi iQ }M/ BM7Q`KiBQM #Qmi i?2 bKHH 2p2MiX AM i?Bb +b2- b2`+?BM; QM  biM/`/ AMi2`M2i
b2`+? 2M;BM2 7Q` ǳlMBp2`bBiv .M+2 62p2` LB;?iǴ rBHH MQi `2p2H `2H2pMi /2iBHb b BM7Q`KiBQM
Bb MQi ;;`2;i2/ QM QM2 bBM;H2 T;2 #mi Bi Bb bT`2/ Qp2` b2p2`H bQ+BH K2/B bBi2bX Ai rQmH/
#2 /2bB`#H2 7Q` HB+2 M/ aBKQM iQ }M/ TB+im`2b- `2pB2rb- M/ QTBMBQMb #Qmi i?2 ǳlMBp2`bBiv
.M+2 62p2` LB;?iǴ 7`QK i?2 v2`b #27Q`2 r?B+? r2`2 TQbi2/ #v T`iB+BTMib QM p`BQmb bQ+BH
K2/B +?MM2HbX
*b2 kě6BM/BM; 1p2Mi Ji2`BH, 6BMHHv- Qm` +QmTH2 ii2M/2/ i?2 ǳlMBp2`bBiv .M+2 62p2`
LB;?iǴ 2p2MiX h?2v HBF2/ i?2 2p2Mi  HQi M/ i?2 M2ti /v HB+2 M/ aBKQM `2;`2i i?i i?2v `2

 *RDO DQG &KDOOHQJHV
MQi #H2 iQ b?`2 TB+im`2b rBi? i?2B` 7`B2M/b b aBKQM /B/ MQi #`BM; ?Bb /B;BiH +K2` #2+mb2
Q7 i?2 72` i?i Bi +QmH/ #2 biQH2MX L2p2`i?2H2bb- i?2`2 r2`2  HQi Q7 Qi?2` T2QTH2 iFBM; TB+im`2b
Q7 i?2 2p2Mi M/ 2p2M HB+2 M/ aBKQM r2`2 T?QiQ;`T?2/ #v bQK2 mMFMQrM T2`bQMbX JMv Q7
i?2b2 TB+im`2b r2`2 mTHQ/2/ M/ b?`2/ QM bQK2 bQ+BH K2/B +?MM2HX >Qr2p2`- b i?2v /Q
MQi FMQr Mv Q7 i?2 T2`bQMb T`iB+BTiBM; BM i?2 2p2Mi- rBi?Qmi M TT`QT`Bi2 b2`+? 7mM+iBQM-
Qm` +QmTH2 /Q2b MQi }M/ Mv Q7 i?2b2 BK;2bX
*b2 jě1p2Mi amKK`BxiBQM M/ 1M`B+?K2Mi, i ?QK2- aBKQM KBMiBMb  T?QiQ +QHH2+iBQM
Q7 HH FBM/b Q7 2p2Mib Qm` +QmTH2 Bb 2tT2`B2M+BM;X >2 b2`+?2b `2H2pMi BM7Q`KiBQM #Qmi 2+?
2p2Mi bQ i?i ?2 ;2ib BK;2b M/ K2i BM7Q`KiBQM 7`QK Qi?2`b i?i ?2 +M // iQ ?Bb +QHH2+iBQM
BM Q`/2` iQ ;2i M 2p2Mi bmKK`BxiBQMX h?2 BMi2MiBQM Bb iQ }M/ /2iBHb r?B+? r2`2 MQi Q#b2`p2/
#v i?2 +QmTH2 #mi `2 M2p2`i?2H2bb BMi2`2biBM; BM i?2 7mim`2X lM7Q`imMi2Hv- i?Bb T`Q+2bb Bb MQi
miQKi2/X AM //BiBQM iQ i?i- ?2 /Q2b MQi FMQr ?Qr +2`iBM +QMi2Mi QM bQ+BH K2/B +?MM2Hb
+M #2 7QmM/X
6Q` HH T`2pBQmb +b2b  T2`bQM /2bB`2b  i2+?MB[m2 iQ }M/ ;;`2;i2/ BM7Q`KiBQM 7`QK KmHiBTH2
bQ+BH K2/B bQm`+2b ?2HTBM; iQ ;2i M QTBMBQM #Qmi ``2 2p2Mib- iQ }M/ Ki2`BH #Qmi Bi- M/
iQ 2M`B+? 2tBbiBM; +QHH2+iBQMbX Ai Bb /2bB`#H2 iQ b2`+? 7Q`  bT2+B}+ 2p2Mi M/ i?Bb b2`+? `2im`Mb
HH `2H2pMi K2/B HBF2 TB+im`2b M/ pB/2Qb #mi HbQ i2timH BM7Q`KiBQM HBF2 7+ib Q` QTBMBQMbX
h?2 +`2iBQM Q7 i2+?MB[m2b bmTTQ`iBM; bm+?  b+2M`BQ Bb biBHH +?HH2M;BM;X "mi 2p2M i?Qm;?
KMv bQ+BH K2/B bBi2b bmTTQ`i i;;BM; U//BM; F2vrQ`/bV iQ #2ii2` Q`;MBx2 i?2 +QMi2Mi- i?2
b2`+? 7Q` bT2+B}+ /i Bi2Kb Bb biBHH /2KM/BM;X h?2 `2[mB`2K2Mi Bb MQi QMHv iQ }M/ HH #mi-
KQ`2 BKTQ`iMiHv- `2H2pMi BM7Q`KiBQMX
h?2`27Q`2- Bi Bb M BKT2M/BM; M22/ iQ #2ii2` Q`;MBx2 M/ KM;2 i?Bb BM7Q`KiBQM BM  rv bQ
i?i Bi Bb r2HH@bi`m+im`2/X h?2 bi`m+im`2/ BM7Q`KiBQM i?2M 2M#H2b mb iQ /2p2HQT Q` mb2 +m``2Mi
H;Q`Bi?Kb M/ K2i?Q/b r?B+? 7+BHBii2 b2`+? M/ MpB;iBQM Q7 i?Bb ?m;2 KQmMi Q7 +QMi2MiX
h?Bb rQmH/ MQi QMHv 7+BHBii2 iQ biBb7v i?2 BM7Q`KiBQM M22/ Q7 2+? BM/BpB/mH #mi HbQ HHQrb
M2r BMbB;?ib 7Q` KMv `2b2`+?2`b Q7 ?Qr T2QTH2 THM i?2B` HBp2b M/ r?i Bb i`2M/BM;X
 *RDO DQG &KDOOHQJHV
” S?QiQbX GB72 Bb 7mHH Q7 bT2+BH KQK2MibX aQ BbvQm` T?QiQ HB#``vX ě hBK *QQFU*1P Q7 TTH2 AM+XV
q2 +MMQi /2Mv i?2 i`mi? #Qmi i?2 [mQiiBQM 7`QK hBK *QQFX aBM+2 i?2 BMp2MiBQM Q7 /B;BiH
+K2`b M/ +2HHT?QM2b rBi? +K2` bmTTQ`i- KMv T2QTH2 TQbb2bb  T2`bQMH T?QiQ HB#``vX q2
`2;mH`Hv iF2 T?QiQb Q7 i?2 KQK2Mib M/ 2p2Mib BM Qm` HB72 M/ // i?2K iQ Qm` T?QiQ HB#``vX
h?2 Q`;MBxiBQM Q7 i?i HB#``v Bb mbmHHv /QM2 #v ?M/ mbBM; QM2Ƕb T`272``2/ T?QiQ HB#``v
T`Q;`KX 6Q` pB/ T?QiQ b?QQi2`b i?Bb +M H`2/v #2 iQm;? 7`QK iBK2 iQ iBK2X

&KDSWHU  ,QWURGXFWLRQ
_2+2MiHv- b r2 H`2/v /Bb+mbb2/ BM i?2 KQiBpiBQM- T2QTH2 /Q MQi QMHv #mBH/ M/ mb2  T2`bQMH
T?QiQ HB#``v #mi /2bB`2 iQ 2M`B+? Bi rBi? KQ`2 +QMi2Mi `QmM/BM; mT i?2B` +QHH2+iBQM #v //BM;
Ki2`BH 7`QK Qi?2`b r?Q ii2M/2/ i?2 bK2 2p2MiX h?Bb BM+Hm/2b HbQ KQ`2 /2iBH2/ i2timH
BM7Q`KiBQM #Qmi i?2 +Tim`2/ KQK2MibX 6Q` bQK2 T2QTH2 i?Bb 2p2M H2/b iQ M HKQbi +QKTH2i2
HB72@HQ;X lM7Q`imMi2Hv- Bi Bb ?`/Hv TQbbB#H2 iQ BMp2bi i?2 M22/2/ iBK2 BMiQ i?2 Q`;MBxiBQM Q7
bm+? M /pM+2/ ivT2 Q7 T?QiQ HB#``vX
h?2 ;QH Bb i?mb iQ miQKiBx2 i?2 ;2M2`iBQM Q7 bm+?  T?QiQ HB#``vX hQ i?Bb 2M/- i?Bb /Bbb2`@
iiBQM T`2b2Mib M miQKiBx2/ TT`Q+? i?i T2`7Q`Kb i?2 bbB;MK2Mi Q7  bQ+BH K2/B Bi2K
UM2rHv mTHQ/2/ iQ bQK2 bQ+BH K2/B bBi2V iQ Bib +Q``2bTQM/BM; 2p2Mi UB7 Bi H`2/v 2tBbibV Q`
+`2i2b  M2r 2p2Mi iQ r?B+? 7mim`2 /i Bi2Kb +M #2 bbB;M2/X q2 `272` iQ i?Bb T`Q#H2K b i?2
2p2Mi /2i2+iBQM T`Q#H2K M/ T`QTQb2 iQ mb2 K+?BM2 H2`MBM; i2+?MB[m2b iQ i+FH2 i?2 +?HH2M;2
Q7 +i2;Q`BxBM; bQ+BH K2/B Bi2KbX AM i?Bb i?2bBb- r2 TTHv Qm` /2p2HQT2/ 7`K2rQ`F iQ +Tim`2/
BK;2b rBi? bbQ+Bi2/ i2timH K2i/iX L2p2`i?2H2bb- i?2 T`2b2Mi2/ i2+?MB[m2 Bb MQi HBKBi2/
iQ i?Bb FBM/ Q7 bQ+BH K2/B Bi2K #mi +M #2 mb2/ rBi? HH FBM/ Q7 Bi2Kb UHBF2 pB/2Qb Q` ir22ibV
b HQM; b i?2v +M #2 `2T`2b2Mi2/ BM  i2timH rvX
AM Q`/2` iQ +`2i2  bmBi#H2 2p2Mi +Hmbi2`BM; 7`K2rQ`F 7Q` i?i ;QH- r2 ?p2 B/2MiB}2/ /Bz2`2Mi
bm#ibFb iQ #2 i+FH2/,
Ç 62im`2 a2H2+iBQM,  /Q+mK2Mi U2X ;X BK;2- pB/2QV Bb `2T`2b2Mi2/ #v QM2 Q` KQ`2
72im`2bX h?2b2 72im`2b KB;?i #2 7Q` 2tKTH2 iBK2 /i- BK;2`v /i U2X ;X TBt2H Q`
+QHQ` BM7Q`KiBQMV- iBiH2b- Q` F2vrQ`/bX Ai Bb +`m+BH iQ ;2i  /22T2` mM/2`biM/BM; Q7 ?Qr
bm+?  /Q+mK2Mi +M #2 2{+B2MiHv `2T`2b2Mi2/ #v i?2b2 72im`2bX
Ç JmHiB@72im`2 aBKBH`Biv J2i`B+b, h?2 `2T`2b2MiiBQM Q7 i?2 72im`2b Kmbi HHQr mb
iQ BMi`Q/m+2 bBKBH`Biv K2i`B+b HHQrBM; M miQKiB+ BMi2`T`2iiBQM Q7 bBKBH`Biv #2ir22M
/i Bi2Kb U2p2Mi M/ /Q+mK2MiVX hQ #2 mb2/ BM  +QKTmi2` bvbi2K- r2 T`272`  MmK2`B+
`2T`2b2MiiBQM rBi? ;`/mH b+H2X h?2 +?Qb2M 72im`2b M/ bBKBH`Biv K2i`B+b ?p2 iQ
HHQr mb iQ TTHv H2`MBM; H;Q`Bi?Kb M/ Kmbi HbQ HHQr M B/2MiB}+iBQM Q7 M2r 2p2MibX
Ç L2r 1p2Mi .2i2+iBQM, h?2 ibF Q7 M2r 2p2Mi /2i2+iBQM Bb  +HbbB}+iBQM ibFX q2
?p2 iQ BMi`Q/m+2  +HbbB}+iBQM TT`Q+? HHQrBM;  /2+BbBQM B7  M2r /i Bi2K +M #2
7QmM/ BM i?2 2p2Mi /i#b2 Q` B7  M2r 2p2Mi b?QmH/ #2 +`2i2/X
Ç *Hmbi2`BM;, q2 ?p2 iQ BMi`Q/m+2  bi`2KBM; Q` QMHBM2 +Hmbi2`BM; TT`Q+?X h?2 ibF
Q7 i?2 H;Q`Bi?K ?2`2 Bb iQ /2i2`KBM2 2p2Mi #QmM/`B2b M/ i?2 bbB;MK2Mi Q7 M2r /i
Bi2Kb iQ i?2B` +Q``2bTQM/BM; 2p2Mi Ui?2 2p2Mi iQ r?B+? i?Bb Bi2K Mim`HHv #2HQM;bVX
AM Q`/2` iQ ;2i  rQ`FBM; bvbi2K 7Q` 2p2Mi +Hmbi2`BM;- i?2 #Qp2 K2MiBQM2/ ibFb ?p2 iQ #2
+QK#BM2/X AM //BiBQM- i?2`2 `2 HbQ b2p2`H +?HH2M;2b r?B+? `Bb2 7Q` bm+?  7`K2rQ`F b
 r?QH2X b i?2 bvbi2K ?b iQ rQ`F rBi?  bT2+BH ivT2 Q7 /i- r2 ?p2 iQ i+FH2 /Bz2`2Mi
+?HH2M;2bX AM /2iBH- i?2v `2 b 7QHHQrb,
Ç *Hmbi2`BM; Q7 G`;2 .ib2ib, lbmH TTHB+iBQMb BM bQ+BH K2/B ?p2 p2`v ?B;? mTHQ/
`i2bX h?2 /i Bi2Kb H`2/v pBH#H2 BM KQbi TTHB+iBQMb `2 Q7i2M KQ`2 i?M  #BHHBQM
Bi2Kb rBi? i?QmbM/b //2/ 2p2`v KBMmi2X  i?Q`Qm;?Hv T`Q+2bbBM; Q7 HH Bi2Kb Bb MQi

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TQbbB#H2 rBi? p2`v HBKBi2/ `2bQm`+2bX Ai Bb +?HH2M;BM; iQ }M/ H;Q`Bi?Kb r?B+? KF2 
T`Q+2bbBM; Q7 HH /i TQbbB#H2X
Ç *Hmbi2`BM; Q7 *QMiBMmQmb .i ai`2Kb, q?BH2 BM mbmH +Hmbi2`BM; ibFb HH /i
Bb FMQrM #27Q`2?M/ M/ HH /i TQBMib BM i?2 /ib2i +M Hrvb #2 ++2bb2/ BM i?2
T`272``2/ Q`/2`- i?Bb Bb MQi i?2 +b2 r?2M /2HBM; rBi? bi`2K /iX h?2`27Q`2- i?2 +i2;Q`v
bbB;MK2Mi M22/b iQ #2 7bi M/ 2{+B2MiX 6m`i?2`KQ`2- i?2 /i Kmbi #2 T`Q+2bb2/ BM
b2[m2MiBH Q`/2` M/ mbmHHv BM  p2`v HBiiH2 MmK#2` Q7 Tbb2b- BM i?2 #2bi +b2 BM QM2 bBM;H2
TbbX
Ç *Hmbi2`BM; Q7 *QM+2Ti .`B7iBM; M/ *?M;BM; hBK2 a2`B2b .i, *`2iBM; 2p2Mib
7`QK /Q+mK2Mib BM  /i bi`2K /Q2b MQi 2M/ mT BM  }t2/ MmK#2` Q7 +i2;Q`B2bX AMbi2/-
i?2 MmK#2` Q7 +i2;Q`B2b Bb MQi T`2@/2i2`KBM#H2X AM //BiBQM- i?2Q`2iB+HHv- i?2`2 +M #2
M BM}MBi2 MmK#2` Q7 +i2;Q`B2bX 6m`i?2`KQ`2- i?2 +i2;Q`v +QM+2Tib M/ ivT2b 2pQHp2
Qp2` iBK2c i?Bb Bb FMQrM b +QM+2Ti@/`B7iX  KQ/2H Kmbi /Ti iQ i?2b2 +QM+2Ti +?M;2bX
Ç LQBbv .i, aQ+BH K2/B +?MM2Hb `2 M2Bi?2` T`QQ7@`2/ MQ` Bb i?2`2 M BMbiM+2 +?2+F@
BM; B7 i?2 +QMi2Mi Bib2H7 Bb mb27mH i HHX AM //BiBQM- itQMQKB2b Q` T`2/2}M2/ +i2;Q`B2b `2
MQM@2tBbi2MiX Ai /2T2M/b QM 2+? mb2` ?Qr Km+? BM7Q`KiBQM Bb T`QpB/2/- ?Qr r2HH@2/Bi2/
i?2 +QMi2Mi Bb- M/ ?Qr T`QT2`Hv Bi Bb Tm#HBb?2/ i HHX Ai Bb p2`v +?HH2M;BM; iQ /BbiBM;mBb?
#2ir22M MQBb2 M/ bB;MHX
AM i?2 7QHHQrBM; b2+iBQMb- r2 `2 ;QBM; iQ //`2bb i?2 #Qp2 B/2MiB}2/ +?HH2M;2b M/ T`QpB/2
KQ`2 /2iBHb QM HH Q7 i?2KX
 &OXVWHULQJ RI /DUJH 'DWDVHWV
AM K+?BM2 H2`MBM;- +Hmbi2`BM; TT`Q+?2b `2 Q7i2M `2bi`B+i2/ iQ bKHH /ib2ibX h?2 `2bQM
7Q` i?Bb mbmHHv HB2b BM i?2 T`Q+2bbBM; iBK2 7Q` 2+? /i Bi2KX AM KMv +b2b i?2 T`Q+2bbBM; iBK2
7Q` QM2 bBM;H2 Bi2K Bb H`2/v HQM;2` i?M bBM;H2@};m`2 KBHHBb2+QM/bX b  `2bmHi- i?2 T`Q+2bbBM;
Q7 iQQ KMv /i Bi2Kb Bb i?mb MQi TQbbB#H2 rBi?BM  `2bQM#H2 T2`BQ/ Q7 iBK2- 2p2M i?Qm;? i?2
H;Q`Bi?K Bib2H7 rQ`Fb [mBi2 2z2+iBp2HvX b  `2bmHi- i?2 /ib2ib mb2/ `2 /Dmbi2/ iQ ?p2 QMHv
 HBKBi2/ MmK#2` Q7 Bi2KbX P7i2M i?2 MmK#2` Q7 +Hmbi2`b Bb HBKBi2/- iQQX
lM7Q`imMi2Hv- bQ+BH K2/B /i Bb KbbBp2 M/ i?2 `2bmHiBM; /ib2i rBHH #2 ?m;2X AM //BiBQM-
i?2 MmK#2` Q7 +i2;Q`B2b +`2i2/ rBHH HbQ #2 p2`v ?B;?X h?Bb ?b  ?m;2 BKT+i QM ?Qr i?2
/i ?b iQ #2 T`Q+2bb2/- BX 2X- i?2`2 `2 /Bz2`2Mi `2[mB`2K2Mib r?B+? THv M BKTQ`iMi `QH2X
lbmHHv- B7 /ib2ib `2 p2`v H`;2- H;Q`Bi?Kb r?B+? +M T`Q+2bb /i BM T`HH2H `2 /2bB`#H2
Ub22 w?M;- _KF`Bb?MM- M/ GBpMv (w_GNe)VX b i?2 /ib2ib ?2`2 `2 MQi QMHv H`;2 #mi
i?2v `2 HbQ `2T`2b2Mi2/ #v  +QMiBMmQmb bi`2K- mbBM; T`HH2HBbK Bb MQi mM`2bi`B+i2/Hv TQbbB#H2X
L2p2`i?2H2bb- b+H#BHBiv Bb  +`m+BH TQBMi M/ i?mb b2p2`H `2bi`B+iBQMb TTHv r?2M mbBM; bm+?
/ib2ib QM bii2@Q7@i?2@`i +QKTmiBM; K+?BM2bX *QMb2[m2MiHv- i?2`2 `2 b2p2`H `2[mB`2K2Mib
?pBM; i?2 H`;2 bBx2 Q7 i?2 /ib2i BM KBM/,
Ç J2KQ`v lb;2, h?2 KQ/2H b r2HH b i?2 /i iQ #2 T`Q+2bb2/ Bb bbmK2/ iQ }i BMiQ
KBM K2KQ`vX 1p2M i?Qm;? KMv b2`p2`b BM+Hm/2 TH2Miv Q7 K2KQ`v- i?2 }iiBM; Q7 HH /i

&KDSWHU  ,QWURGXFWLRQ
BMiQ K2KQ`v Bb Q7i2M Dmbi BKTQbbB#H2X h?2 bBx2 Q7 i?2 /ib2i BM  bi`2K /i b+2M`BQ
Bb T`+iB+HHv BM}MBi2X h?mb- Bi Bb M2p2` TQbbB#H2 iQ }i HH /i BMiQ K2KQ`vX _2H2pMi
/i 7Q` T`Q+2bbBM; Kmbi M2+2bb`BHv #2 HQ/2/ 7`QK /BbFX h?Bb T`Q+2bb Bb +QKTmiiBQMHHv
2tT2MbBp2X _2+2Mi /i#b2 i2+?MQHQ;v +M ?2HT iQ Q`;MBx2 i?Bb KQ`2 2z2+iBp2HvX AM/2tBM;
Q7 /i M/ bK`i ++?BM; bi`i2;B2b HHQr  7bi2` `2i`B2pH Q7 `2H2pMi T`ib 7`QK i?2
/ib2iX
Ç .i SQBMi _2T`2b2MiiBQM, h?2 `r biQ`;2 Q7 /Q+mK2Mib M/ +Hmbi2`b Bb T`Q#H2K@
iB+ b b2`+?BM; BM `r /i Bb iQQ iBK2@2tT2MbBp2X h?2`27Q`2- i?2 `2T`2b2MiiBQM Q7 i?2
/Q+mK2Mib M/ 2p2Mi +Hmbi2`b ?p2 iQ #2 K/2 mT BM  rv bmTTQ`iBM;  7bi `2i`B2pH M/
T`Q+2bbBM;X 6Q` 2tKTH2- i?2`2 `2 irQ /Bz2`2Mi rvb ?Qr  +Hmbi2` +M #2 `2T`2b2Mi2/,
2Bi?2` #v HH i?2 /Q+mK2Mib #2BM; T`i Q7 i?i +Hmbi2`- Q` #v  +H+mHi2/ `2T`2b2MiiBp2-
 bQ@+HH2/ +2Mi`QB/X lbBM; i?2 Hii2`- H2bb BM7Q`KiBQM M22/b iQ #2 biQ`2/X h?2 +?HH2M;2
Bb iQ #HM+2 T`Qb M/ +QMb Q7 bm+?  /i +QKT`2bbBQMX
Ç *M/B/i2 _2i`B2pH, LQ +m``2Mi +QKTmiiBQMH bvbi2K Bb 7bi 2MQm;? iQ +QKT`2  M2r
Bi2K ;BMbi HH Qi?2` H`2/v b22M Bi2Kb BM  `2bQM#H2 iBK2X 6Q`imMi2Hv- Bi Bb TQbbB#H2 iQ
HBKBi i?Bb +QKT`BbQM iQ QMHv  72r bKTH2b Q7 +M/B/i2bX h?Bb +QKKQMHv mb2/ K2i?Q/ Bb
+HH2/ bKTHBM;X aKTHBM; Bb  i2+?MB[m2 r?B+? b2H2+ib QMHv TQbbB#H2 +M/B/i2b r?2`2 i?2
T`Q##BHBiv Q7  bm++2bb7mH K2`;BM; Bb #Qp2  i?`2b?QH/X h?Bb T`2b2H2+iBQM Q7 +M/B/i2b
KbbBp2Hv /2+`2b2b i?2 MmK#2` Q7 +QKT`BbQMb M22/2/- HQr2`BM; i?2 iBK2 +QKTH2tBivX q2
?p2 iQ /2i2`KBM2 i?2 BKT+i QM i?2 T2`7Q`KM+2 Q7 bm+?  bKTHBM; bi2TX Ai Bb +?HH2M;BM;
iQ +?QQb2 ;QQ/ +M/B/i2b rBi?Qmi HQQbBM; i?2 i`m2 +Q``2bTQM/BM; +i2;Q`vX
Ç S`Q+2bbBM; Q7 1+? .i SQBMi, 1p2`v /Q+mK2Mi Kmbi #2 b+MM2/ M/ T`Q+2bb2/ i
H2bi QM+2X AM KMv +Hmbi2`BM; b+2M`BQb- /i TQBMib `2 bFBTT2/ B7 i?2v /Q MQi 7mH}HH
+2`iBM +`Bi2`BX h?Bb Bb +QKKQMHv FMQrM b b?2//BM;X .i b?2//BM; Bb BM/22/ mb27mH 7Q`
/Bb+`/BM; /i TQBMib MQi /2TB+iBM; M 2p2MiX q2 +QM+2Mi`i2 QM  bvbi2K r?2`2 i?Bb
/BbiBM+iBQM ?b #22M /QM2 #27Q`2?M/X AM Qm` +b2- Bi Bb i?mb MQi /2bB`2/ iQ b?2/ Mv /i
Bi2KX h?2 +?HH2M;2 Bb iQ ;2i M Qp2`HH bvbi2K T2`7Q`KM+2 7bi 2MQm;? iQ +Hmbi2` HH /i
TQBMib /2TB+iBM; M 2p2Mi BM `2bQM#H2 iBK2X
 &OXVWHULQJ RI &RQWLQXRXV 'DWD 6WUHDPV
AM +QMi`bi iQ  }t2/ b2i Q7 /i r?2`2 HH /i Bb pBH#H2 BMbiMiHv-  +QMiBMmQmb /i bi`2K
?b bB;MB}+MiHv /Bz2`2Mi T`QT2`iB2bX hQ T`Q+2bb bm+?  /i bi`2K r2 `2[mB`2  b2iiBM; i?i
Bb /Bz2`2Mi iQ i?2 mbmHHv Qz@HBM2 b2iiBM; mb2/ 7Q` }t2/ /i b2ibX AM T`iB+mH`- r2 `2[mB`2
M QM@HBM2 Q` bi`2KBM; b2iiBM;X AM i?Bb +b2- 2+? /i TQBMi rBHH #2 T`Q+2bb2/ rBi?  bKHH-
+QMbiMi MmK#2` Q7 Tbb2bX lbmHHv- 2+? /i TQBMi Bb b22M QMHv QM+2X
JQ`2 7Q`KHHv- i?2 +QMiBMmQmb /i bi`2K +M #2 BK;BM2/ b  M2p2`@2M/BM; bi`2K Q7 /i
TQBMib x1, x2, ... T`Q+2bb2/ #v  +Hmbi2`BM; H;Q`Bi?K rBi? k +2Mi2`b BM i?2 T`/B;K b?QrM BM
H;Q`Bi?K RXRX
 /i bi`2K +M #2 +?`+i2`Bx2/ #2bi b  iBK2@Q`/2`2/ b2[m2M+2 Q7 /i Bi2Kb HBF2 /Q+mK2Mib-
BK;2b- 2i+X h?Bb Q`/2`BM; #v iBK2 KF2b +QMiBMmQmb /i bi`2Kb `2[mB`2  /Bz2`2Mi i`2iK2Mi

 *RDO DQG &KDOOHQJHV
H;Q`Bi?K RXR, ai`2K@#b2/ +Hmbi2`BM; T`/B;K
AMTmi ,  M2p2`@2M/BM; bi`2K Q7 /i TQBMib x1, x2, ...
PmiTmi , *Hmbi2`BM; rBi? k 2p2Mi +Hmbi2`b
b2i MmK#2` Q7 +Hmbi2`b 7Q` kc
r?BH2 i`m2 /Q
;2i M2r /i TQBMi xc
/2i2`KBM2 #2bi k ∈ C 7Q` xc
mT/i2 HH k BM +m``2Mi b2i Cc
2M/
T`2p2MiBM; mb 7`QK mbBM; /Bz2`2Mi i`/BiBQMH +Hmbi2`BM; TT`Q+?2bX >2`2- Bi Bb MQi TQbbB#H2
iQ `2i`B2p2 /i TQBMib Q7 i?2 7mim`2 #27Q`2 i?2v ``Bp2 M/ p`BiBQMb Q7 i?2 Q`/2`BM; `2 HbQ
BKTQbbB#H2X :#2`- wbHpbFv- M/ E`Bb?MbrKv (:wEy8) ;Bp2  #`B27 Qp2`pB2r #Qmi i?2
i2+?MB[m2b M/ H;Q`Bi?Kb 7Q` }t2/ /ib2ib i?i +M #2 TTHB2/ QM /i bi`2KbX am#b2[m2MiHv-
r2 ?p2 iQ +QMbB/2` bQK2 `2[mB`2K2Mib r?2M T`Q+2bbBM; bi`2K /i,
Ç LmK#2` Q7 Sbb2b, AM KMv +Hmbi2`BM; TT`Q+?2b- /i Bb biQ`2/ 2tTHB+BiHv- r?B+?
KF2b Bi 2bv iQ ++2bb HH T`ib Q7 i?2 /i i Mv iBK2- HHQrBM;  T`Q+2bbBM; Q7 i?2
/i BM KmHiBTH2 Tbb2bX 6Q`  HQi Q7 +Hmbi2`BM; i2+?MB[m2b i?Bb Bb i?2 QMHv rv iQ +?B2p2
+QMp2`;2M+2 ("YN3)X AM  b2iiBM; rBi?  /i bi`2K- mbBM; KmHiBTH2 Tbb2b Bb MQi BKTQb@
bB#H2- #mi i?2 `2HBxiBQM M22/b ;`2i2` 2zQ`i M/ +mb2b bQK2 Bbbm2bX PM2 +QMb2[m2M+2 Q7
 T`Q+2bbBM; BM KmHiBTH2 Tbb2b Bb  /2Hv BM +Hmbi2` T`Q/m+iBQMc i?2 /i TQBMib `2 MQi
bbB;M2/ BKK2/Bi2Hv #mi `2 ++?2/ 7Q`  +2`iBM iBK2X h?Bb `2[mB`2b i2KTQ`H biQ`;2
Q7 i?2 /iX 1p2M i?Qm;? i?Bb Bb TQbbB#H2- i?2`2 Bb MQ TQbbB#BHBiv i HH iQ b22 /i TQBMib
+QKBM; mT BM i?2 7mim`2X h?2b2 `2bi`B+iBQMb 2M7Q`+2 M mb;2 Q7 H;Q`Bi?Kb r?B+? `2
+T#H2 Q7 +Hmbi2`BM; 2{+B2MiHv BM H`2/v QM2 bBM;H2 TbbX
Ç /TiBM; *Hmbi2`BM; JQ/2H, h?2 +Hmbi2`BM; KQ/2H Bb i?2 2bb2MiBH T`i BM i?2 +Hmbi2`@
BM; T`Q+2bbX Ai Kmbi #2 /Ti2/ iQ HH p`B2iB2b Q7 bi`2K /iX PM2 +?HH2M;2 Bb iQ #2
#H2 iQ /2i2+i M2r 2p2Mib #v i?2 +m``2Mi ``BpBM; /i Bi2KX b i?2`2 Bb MQ FMQrH2/;2
#Qmi 7mim`2 /i Bi2Kb- i?Bb /2+BbBQM ?b iQ #2 K/2 BMbiMiHv rBi? QMHv i?2 /i r?B+?
?b #22M b22M bQ 7`X h?2 +`2i2/ +Hmbi2`b `2 Q7 /Bz2`2Mi bBx2 M/ Mim`2X q2 BK iQ H2i
i?2 KQ/2H /Ti Bib2H7 iQ HH FBM/ Q7 2p2MibX
Ç 1{+B2M+v Q7 *Hmbi2`BM;, lbBM; /i bi`2Kb-  +2`iBM 2{+B2M+v Bb `2[mB`2/ BM Q`/2` iQ
+Hmbi2` BM `2H@iBK2X h?`Qm;?Qmi i?2 +Hmbi2`BM; T`Q+2bb- T`2/B+iBQM iBK2b mbmHHv BM+`2b2
#2+mb2 Q7 M BM+`2bBM; MmK#2` Q7 i`;2i +i2;Q`B2bX Ai Bb +?HH2M;BM; iQ TTHv TT`QT`Bi2
i2+?MB[m2b r?B+? T`2p2Mi i?2 2tTQM2MiBH ;`Qri? Q7 i?2 b2`+? bT+2 bQ i?i i?2 +Hmbi2`BM;
T`Q+2bb +M ?QH/ mT rBi? i?2 BM+QKBM; /i bi`2KX

&KDSWHU  ,QWURGXFWLRQ
 &ODVVLI\LQJ RI &RQFHSW 'ULIWLQJ 7LPH 6HULHV 'DWD
b /2}M2/ BM i?2 T`/B;K BM i?2 Hbi b2+iBQM Ub22 H;Q`Bi?K RXRV- +HbbB+H +Hmbi2`BM; TT`Q+?2b
HBF2 F@J2Mb `2[mB`2 i?2 MmK#2` Q7 +i2;Q`B2b iQ #2 /2}M2/ #27Q`2?M/X h?Bb HBKBiiBQM Bb MQi
++2Ti#H2 B7  7mHH +Hmbi2`BM; Q7 HH /Q+mK2Mib BM i`;2i +i2;Q`B2b Bb 7pQ`2/X AM bi`2K /i
+Hmbi2`BM;- i?2 MmK#2` Q7 +i2;Q`B2b k Bb mMFMQrMX Ai Bb 2p2M MQi TQbbB#H2 iQ 2biBKi2 i?2
MmK#2` Q7 +i2;Q`B2b Qp2`  T2`BQ/ Q7 iBK2 b i?2 ;`Qri? 7+iQ` Bb HbQ mMFMQrMX 6Q` bm+? M
2p2Mi +Hmbi2`BM; bvbi2K- Bi Bb +`m+BH iQ /Ti [mB+FHv iQ  +?M;BM; /i /Bbi`B#miBQMX A7  M2r
/i Bi2K ``Bp2b M/  M2r +QM+2Ti Bb /2i2+i2/- MQi?2` +i2;Q`v ?b iQ #2 //2/ iQ i?2 b2i
Q7 +i2;Q`B2bX
h?2 /Bbi`B#miBQM Q7 2p2Mi +QM+2Tib Bb Q7i2M }t2/ BM +HbbB+H b2iiBM;bX 1Bi?2` i?2 ivT2 Q7 2p2Mib
Bb FMQrM Q` i?2 /2b+`BTiBQM Q7 i?2 2p2Mib iQ #2 7QmM/ `2 ;Bp2MX A7 i?Bb Bb- HBF2 BM Qm` TTHB+iBQM-
MQi i?2 +b2- i?2 +QM+2Tib Q7 i?2 +i2;Q`B2b `2 p`vBM; M/ +M #2 Q7 /Bz2`2Mi FBM/X AM iBK2
b2`B2b /i- 2p2Mi +QM+2Tib +?M;2 [mB+FHv Qp2` iBK2X am#b2[m2MiHv- M2r +QM+2Tib 2K2`;2 r?BH2
Qi?2`b 7/2 rvX q2 ?p2 MQ BMBiBH BM7Q`KiBQM #Qmi i?2 +QM+2Tib BM 7mim`2 +i2;Q`B2bX Pm`
KQ/2H i?mb M22/b iQ #2 +T#H2 Q7 /2i2+iBM; i?Bb /`B7i BM +QM+2Tib QM i?2 ~vX
 1RLV\ 'DWD
q?2M rQ`FBM; rBi? bQ+BH K2/B /i- Bi Bb M2+2bb`v iQ mM/2`biM/ ?Qr i?2 /i Bb bi`m+im`2/
M/ r?i FBM/ Q7 /i r2 `2 7+BM;X h?2 /i Bb +QKBM; 7`QK  KmHiBim/2 Q7 bQm`+2b M/ i?2
KQmMi Q7 /i Bb Qp2`r?2HKBM;X  HQi Q7 i?Bb /i KB;?i Dmbi #2 +QMbB/2`2/ b MQBb2X GQp2ii
(GQpRR) /BbiBM;mBb?2b #2ir22M MQBb2 M/ bB;MH b 7QHHQrb,
Ç aB;MH Bb r?i r2 `2 HQQFBM; 7Q`X h?Bb Bb i?2 M22/2/ bi`2KHBM2/ BM7Q`KiBQM r?B+? Bb
`2H2pMi iQ +QM/m+i i?2 ibFX
Ç LQBb2 Bb i?2 Kii2` r?B+? /Q2b MQi Qz2` Km+? TvQmi M/ KBMHv rbi2b `2bQm`+2b- iBK2-
M/ 2M2`;vX
h?2 ivT2 Q7 /i mb2/ BM  +Hmbi2`BM; ibF ?b /Bz2`2Mi 72im`2b bT2+B7vBM; r?i Bb +QMbB/2`2/ b
MQBb2 M/ r?i Bb MQiX _2;`/BM; i?2 MQBbBM2bb M/ Bib i`2iK2Mi- r2 +H2`Hv ?p2 iQ /BbiBM;mBb?
#2ir22M bQ+BH K2/B /i M/ Qi?2` /i U2X ;X M2rb /iVX
G2i mb iF2  HQQF i M2rb `iB+H2 +Q`TQ`X h?2b2 `iB+H2b +QM7Q`K rBi? bvMi+iB+H- bivHBbiB+- M/
;`KKiB+H biM/`/b r?B+? `2 `2[mB`2/ 7Q` i?2B` Tm#HB+iBQMX AM i?Bb +b2- Bi Bb HbQ TQbbB#H2
iQ mb2 i`/BiBQMH Mim`H HM;m;2 T`Q+2bbBM; iQQHb iQ 2ti`+i Q` 2M?M+2 BM7Q`KiBQM- b r2HH
b 7Q` MQBb2 bmTT`2bbBQM b i?2 /BbiBM;mBb?#BHBiv #2ir22M bB;MH M/ MQBb2 Bb Q7i2M TT`2MiX
aiQT rQ`/ HBbib +M #2 TTHB2/ iQ i?2 i2ti iQ }Hi2` Qmi B``2H2pMi rQ`/b M/ `2 r2HH@FMQrM iQ
`2/m+2 i?2 MQBb2X P` T`i@Q7@bT22+? i;;BM; +M #2 mb2/ iQ B/2MiB7v +2`iBM rQ`/ 7Q`Kb r?B+?
`2 i?2M +QMbB/2`2/ b bB;MH Q` MQBb2X
AM +QMi`bi- #v Bib Mim`2- /Q+mK2Mib 7`QK bQ+BH K2/B /Q MQi M2+2bb`BHv +QM7Q`K iQ Mv Q7
i?2b2 biM/`/bX 6m`i?2`KQ`2- i?2v +QMiBM QMHv HBiiH2 i2timH M``iBp2 M/ mbmHHv +QMbBbi
QMHv Q7 bQK2 F2vrQ`/b-  iBiH2- M/fQ`  p2`v b?Q`i /2b+`BTiBQMX h?Bb MQBbBM2bb KF2b i?2 mb2 Q7

 5HVHDUFK &RQWULEXWLRQV RI WKLV 'LVVHUWDWLRQ
i`/BiBQMH Mim`H HM;m;2 T`Q+2bbBM; iQQHb KQ`2 /B{+mHiX h?2 2ti`+iBQM Q7 MK2/ 2MiBiB2b
Q` i?2 2M?M+2K2Mi Q7 i?2 /Q+mK2MiǶb `2T`2b2MiiBQM rBi? T`i@Q7@bT22+? i;b Bb ``2Hv TQbbB#H2X
h?mb- mbBM; bQ+BH K2/B /i- i?2 [mHBiv Q7 i?2 i2ti Bib2H7 Bb Q7i2M MQi mb2#H2 b M BM/B+iQ`
7Q` i?2 /BbiBM;mBb?#BHBiv #2ir22M MQBb2 M/ bB;MHX
lbBM; i`/BiBQMH Mim`H HM;m;2 iQQHb rBi? i?2 BMi2Mi iQ `2KQp2 MQBb2 KB;?i MQi M2+2bb`BHv
bQHp2 i?2 T`Q#H2K #mi +M HbQ rQ`b2M BiX .m`BM; i?2 T`Q+2bb Q7 MQBb2 `2KQpH- pHm#H2 BM7Q`K@
iBQM KB;?i #2 2HBKBMi2/ #2+mb2 i?BM;b `2;`/2/ b MQBb2 BM mbmH M2rb `iB+H2b KB;?i T`QpB/2
pHm#H2 BM7Q`KiBQM BM bQ+BH K2/BX 6Q` 2tKTH2- bKQQi?BM;  /Q+mK2Mi #v i?2 `2TH+2K2Mi
Q7 ǳMQBbvǴ rQ`/b MQi TT2`BM; BM /B+iBQM`B2b U2X ;X ǳ7up2Ǵ iQ ǳ}p2ǴV Q7i2M `2KQp2  bT2+BH
K2MBM; M/ Kv#2 i?2 QMHv HBMF #2ir22M irQ /Q+mK2MibX
 5HVHDUFK &RQWULEXWLRQV RI WKLV 'LVVHUWDWLRQ
AM i?Bb i?2bBb r2 BMi`Q/m+2  7`K2rQ`F 7Q` QMHBM2 bi`2K +Hmbi2`BM; Q7 bQ+BH K2/B /Q+mK2Mib
BMiQ i?2B` +Q``2bTQM/BM; 2p2MibX h?Bb 7`K2rQ`F i+FH2b HH i?2 +?HH2M;2b /2b+`B#2/ BM a2+iBQM
RXk M/ /2b+`B#2b 2z2+iBp2 i2+?MB[m2b 7Q` M2r 2p2Mi /2i2+iBQM M/ 2p2Mi +Hmbi2`BM;X h?2 `2b2`+?
BM i?Bb /Bbb2`iiBQM /pM+2b i?2 mM/2`biM/BM; 7Q` 2pHmiBQM- 2z2+iBp2M2bb- M/ #2?pBQ` Q7 
+HbbB}+iBQM M/ +Hmbi2`BM; T`Q#H2K BM bQ+BH K2/B /Q+mK2MibX Pm` KBM +QMi`B#miBQM +M #2
bmKK`Bx2/ b 7QHHQrb,
&RQWULEXWLRQ q2 BMi`Q/m+2  +QKTH2i2 QMHBM2 bvbi2K i?i +HbbB}2b M BM+QKBM; bi`2K Q7 /Q+@
mK2Mib BMiQ i?2 /BbiBM+i 2p2Mib i?2v /2b+`B#2 Q` `2 `2Hi2/ iQX h?2 /Q+mK2Mi Bb 2Bi?2` //2/
iQ M 2tBbiBM; 2p2Mi Q`- B7 M2+2bb`v-  M2r 2p2Mi Bb +`2i2/X Ai rBHH #2 b?QrM i?i i?Bb bvbi2K
bm++2bb7mHHv //`2bb2b HH #Qp2 K2MiBQM2/ +?HH2M;2b BM M 2tT2`BK2MiH /2KQMbi`iBQMX q2
b?Qr i?i i?2 T`Q#H2K Bb bm++2bb7mHHv bQHp#H2 mbBM;  bBM;H2@ Q` irQ@Tbb TT`Q+?X "Qi?
TT`Q+?2b bi`B+iHv /?2`2 iQ i?2 bi`2K@#b2/ Mim`2 Q7 i?2 /iX
Pm` QMHBM2 bvbi2K b  r?QH2 +QK#BM2b i2+?MB[m2b 7`QK /Bz2`2Mi `2bX h?2b2 i2+?MB[m2b
`2 BMi2`+?M;2#H2 BM i?2 7`K2rQ`F HHQrBM;  p2`v ?B;? ~2tB#BHBivX AM /2iBH- r2 T`QpB/2
+QMi`B#miBQMb BM i?2 7QHHQrBM; `2bX
(YDOXDWLRQ RI (YHQW ,GHQWLILFDWLRQ
Ç h?2`2 Bb  ?B;? M22/ 7Q` +Hmbi2` pHB/BivX h?2`27Q`2- r2 T`2b2Mi  `2H@rQ`H/ /ib2i 7Q`
`2b2`+? BM i?2 `2 Q7 bQ+BH 2p2Mi B/2MiB}+iBQM r?B+? Bb bmBi#H2 iQ #2 mb2/ BM +Hmbi2`BM;
M/ +HbbB}+iBQM ibFb BM i?i `2X h?2 /ib2i bmTTQ`ib i?2 i`BMBM;- i2biBM;- M/
2pHmiBQM Q7 bm+? H;Q`Bi?Kb M/ 7`K2rQ`FbX h?2 mb27mHM2bb Q7 i?Bb Tm#HB+Hv pBH#H2
/ib2i rb H`2/v b?QrM BM b2p2`H +?HH2M;2b M/ Tm#HB+iBQMbX

&KDSWHU  ,QWURGXFWLRQ
Ç q2 +QKT`2 Qm` bvbi2K iQ b2p2`H bii2@Q7@i?2@`i bvbi2Kb- b?QrBM; i?i Qm` bvbi2K +H2`Hv
QmiT2`7Q`Kb KQbi H;Q`Bi?Kb 7Q` 2p2Mi +Hmbi2`BM;X q2 b?Qr i?i i?2 ?2`2 T`2b2Mi2/ H;Q@
`Bi?K `2+?2b i?2 ?B;?2bi b+Q`2 7Q` bi`2KBM; H;Q`Bi?Kb M/ +M +QKT2i2 rBi? `2bmHib Q7
H;Q`Bi?Kb BMi2`T`2iBM; i?2 ibF b  }t2/ +Hmbi2`BM; ibFX
1HZ (YHQW 'HWHFWLRQ
Ç q2 b?Qr i?i i?2 /2+BbBQM r?2i?2`  M2r /i Bi2K #2HQM;b iQ QM2 Q7 i?2 2tBbiBM; 2p2Mib
Q` iQ  M2r 2p2Mi +M #2 iF2M rBi? `2bQM#H2 ++m`+vX h?Bb /2+BbBQM Bb K/2 BMbiMiHv
7i2` b22BM;  bBM;H2 /i Bi2KX
Ç q2 +QKT`2 /Bz2`2Mi /2+BbBQM KQ/2Hb 7Q` M2r 2p2Mi /2i2+iBQM M/ T`2b2Mi bmBi#H2 72im`2b
iQ #2 mb2/ BM i?2 +QMi2ti Q7  bi`2K /i b2iiBM;X
&OXVWHULQJ
Ç h?2 T`Q#H2K Q7 bbB;MBM;  M2r /i Bi2K iQ Bib +Q``2bTQM/BM; 2p2Mi +M #2 KQ/2H2/
bm++2bb7mHHv b  `MFBM; T`Q#H2K r?2`2  T`2b2H2+i2/ MmK#2` Q7 2p2Mib Bb `MF2/ ++Q`/BM;
iQ ?Qr HBF2Hv i?2 M2r /i TQBMi #2HQM;b iQ i?2KX "v +?QQbBM; i?2 iQT@`MF2/ 2p2Mi- r2
b?Qr i?i i?2 ++m`+v Q7 bbB;MBM;  M2r /i Bi2K iQ Bib +Q``2bTQM/BM; 2p2Mi Bb p2`v
+HQb2 iQ RyyWX q2 /Bb+mbb i?2 BKT+i Q7 /Bz2`2Mi 72im`2b QM i?Bb /2+BbBQM mbBM; K+?BM2
H2`MBM; i2+?MB[m2bX
Ç q2 b?Qr i?i i?2 bvbi2K +M BM/22/ b+H2 iQ H`;2 MmK#2`b Q7 2p2Mib #v mbBM; M TT`Q@
T`Bi2 +M/B/i2 `2i`B2pH bi2T r?B+? `2i`B2p2b  b2i Q7 +M/B/i2b i?i i?2 BM+QKBM; /i
TQBMi Bb HBF2Hv iQ #2HQM; iQX qBi? i?Bb bi2T r2 pQB/ b+MMBM; HH 2p2Mib BM i?2 /i#b2
M/ i?mb HHQr Qm` bvbi2K iQ b+H2 iQ p2`v H`;2 MmK#2`b Q7 2p2MibX q2 b?Qr BM T`iB+mH`
i?i `2i`B2pBM;  p2`v HBiiH2 MmK#2` Q7 +M/B/i2b vB2H/b  `2bQM#H2 i`/2@Qz #2ir22M
b+H#BHBiv M/ +Hmbi2`BM; [mHBivX
Ç Pm` bvbi2K Bb Km+? KQ`2 2{+B2Mi i?M +QKT`#H2 bvbi2Kb- b?QrBM;  M2`Hv +QMbiMi
T`Q+2bbBM; iBK2 BM/2T2M/2Mi Q7 ?Qr KMv /Q+mK2Mib i?2 bvbi2K ?b T`Q+2bb2/ bQ 7`- 
`2[mB`2K2Mi 7Q` b+HBM; iQ Km+? H`;2` MmK#2` Q7 /Q+mK2MibX
 6WUXFWXUH DQG 2XWOLQH RI WKLV 7KHVLV
AM i?Bb b2+iBQM r2 ;Bp2 M Qp2`pB2r QM ?Qr i?Bb /Bbb2`iiBQM Bb bi`m+im`2/X AM *?Ti2` k- r2 bi`i
rBi? /2iBH2/ BM7Q`KiBQM #Qmi 7mM/K2MiHb r?B+? `2 BKTQ`iMi M/ M2+2bb`v iQ mM/2`biM/
i?Bb rQ`FX q2 2tTHBM i?2 +i2;Q`BxiBQM B/2 M/ ?Qr i?Bb B/2 H2/b iQ 2p2Mi +Hmbi2`BM;X AM
//BiBQM r2 HbQ T`QpB/2  +?`+i2`BxiBQM M/ /2}MBiBQM Q7 r?i r2 mM/2`biM/ #v i?2 i2`K
2p2MiX
AM *?Ti2` j r2 /Bb+mbb 7QmM/iBQMb M/ `2Hi2/ rQ`FX q2 ;Bp2 M Qp2`pB2r Q7 +Hmbi2`BM; M/
+HbbB}+iBQM H;Q`Bi?Kb M/ iF2  HQQF i +2`iBM bT2+ib r?B+? `2 `2H2pMi iQ mb2 i?2b2

 6WUXFWXUH DQG 2XWOLQH RI WKLV 7KHVLV
i2+?MB[m2b 7Q` Qm` ibFX q2 rBHH HbQ iF2  HQQF i Qi?2` rQ`F i?i BMp2biB;i2/ BM i?2 `2 Q7
bQ+BH K2/B /i +Hmbi2`BM;X
7i2` i?i- r2 BMi`Q/m+2 Qm` 2p2Mi +Hmbi2`BM; /ib2i BM *?Ti2` 9X h?2 BK Q7 i?2 +`2iBQM Q7
i?i /ib2i Bb iQ /2p2HQT  #2M+?K`F 7Q` `2H@rQ`H/ TTHB+iBQMbX q2 rBHH T`2b2Mi ?Qr i?2
/ib2i ?b #22M +`2i2/ M/ r?i Bi +M #2 mb2/ 7Q`X
AM *?Ti2` 8- Qm` 7`K2rQ`F 7Q` bQ+BH 2p2Mi +HbbB}+iBQM Bb BMi`Q/m+2/X q2 QmiHBM2 i?2 `+?B@
i2+im`2 Q7 Qm` bvbi2K M/ T`2b2Mi i?2 bBM;H2 T`ib Q7 i?2 7`K2rQ`F BM KQ`2 /2iBHX q2 HbQ
BMi`Q/m+2 Qm` T`Q#H2K Q7 bQ+BH 2p2Mi /2i2+iBQM M/ +HbbB}+iBQM BM KQ`2 /2iBH M/ 2tTHBM
?Qr i?Bb bvbi2K +M i+FH2 i?Bb T`Q#H2KX
*?Ti2` e i?2M +QMiBMm2b rBi? i?2 2tT2`BK2MiH b2imT M/ `2bmHib Q7 i?2 +Hmbi2`BM; Q7 Qm` `2H@
rQ`H/ /ib2iX q2 T`2b2Mi  b2imT Q7 i?2 bvbi2K rQ`FBM; rBi? QM2 bBM;H2@TbbX q2 rBHH b?Qr
i?i i?2 bvbi2K T`2b2Mi2/ Bb BM/22/ #H2 iQ i+FH2 i?2 T`Q#H2K M/ T`2b2Mi Qm` `2bmHib iQ;2i?2`
rBi? b2p2`H #b2HBM2bX
q2 +QMiBMm2 rBi? i?2 /2b+`BTiBQM Q7 Qm` 7`K2rQ`F iQ #2 mb2/ BM  KmHiB@Tbb b2iiBM; BM *?Ti2` dX
h?2 /Ti2/ bvbi2K `+?Bi2+im`2 Bb b?QrM M/ r2 /Bb+mbb T`2`2[mBbBi2b r?B+? `2 BKTQ`iMi BM
Q`/2` iQ mb2 i?2 bvbi2K BM  KmHiB@Tbb 7b?BQMX q2 b?Qr i?2 /Bz2`2M+2b iQ i?2 bBM;H2 Tbb
bvbi2K M/ /Bb+mbb b2p2`H bi`i2;B2b r?B+? +M #2 mb2/ iQ biB+F rBi? i?2 bi`2K T`/B;KX
AM *?Ti2` 3 r2 b?Qr i?2 2tT2`BK2MiH b2imT M/ `2bmHib Q7 Qm` KmHiB@Tbb bvbi2KX q2 MQi
QMHv b?Qr ?Qr i?2 Tbb2b Kv HQQF #mi HbQ b?Qr i?i i?2 bvbi2K b+H2b 2p2M #2ii2` i?M i?2
QM2 mbBM; QM2 bBM;H2 Tbb r?BH2 K2HBQ`iBM; i?2 Qp2`HH T2`7Q`KM+2 bB;MB}+MiHvX
AM *?Ti2` N r2 T`QpB/2 //BiBQMH `2K`Fb QM Qm` bBM;H2@Tbb M/ KmHiB@Tbb TT`Q+?2bX AM 
/Bb+mbbBQM r2 rBHH MHvx2 /pMi;2b M/ /Bb/pMi;2b Q7 #Qi? TT`Q+?2b- ;BpBM; 2tKTH2b
7Q` /Bz2`2Mi b+2M`BQb i?i b?Qr ?Qr i?2 /Bz2`2Mi TT`Q+?2b +M #2 mb2/X AM //BiBQM- r2 /Q
 +QKT`BbQM rBi? Qi?2` TT`Q+?2bX
6BMHHv- r2 +QM+Hm/2 i?Bb /Bbb2`iiBQM #v  bmKK`v BM *?Ti2` RyX AM M QmiHQQF r2 rBHH
7m`i?2`KQ`2 /Bb+mbb TQbbB#H2 2ti2MbBQMb M/ KQ/B}+iBQMb Q7 Qm` 7`K2rQ`F bQ i?i Bi +M #2




)XQGDPHQWDOV RI 7KLV :RUN
h?Bb +?Ti2` BMi`Q/m+2b 7mM/K2MiHb r?B+? `2 M2+2bb`v iQ mM/2`biM/ i?Bb rQ`FX LQi#Hv- r2
?p2 iQ KF2 +H2` r?i r2 mM/2`biM/ #v i?2 i2`Kb +Hmbi2`BM; M/ 2p2MiX 6B`bi- r2 bi`i rBi?
;BpBM;  /22T2` mM/2`biM/BM; 7Q` i?2 B/2 Q7 +i2;Q`BxiBQM M/ +Hmbi2`BM;- r?i Bb mM/2`biQQ/
#v i?Bb i2`K BM /Bz2`2Mi /Bb+BTHBM2b- M/ r?v i?Bb B/2 Bb M22/2/ iQ +Hmbi2` Q#D2+ib M/ 2p2MibX
7i2` i?i- r2 bm`p2v Hi2`MiBp2 /2}MBiBQMb Q7 i?2 i2`K 2p2Mi Qp2`  p`B2iv Q7 /QKBMb M/
}MHHv ;Bp2 M 2ti2M/2/ /2}MBiBQM Q7 r?i r2 mM/2`biM/ #v M 2p2MiX
 )URPWKH&DWHJRUL]DWLRQ ,GHD WR(YHQW&OXVWHULQJ 'HILQLWLRQDQG'HYHORSPHQW
*i2;Q`BxiBQM +M #2 /2b+`B#2/ b  T`Q+2bb Q7 /BpB/BM; mT B/2b M/ Q#D2+ib #mi HbQ 2p2Mib
BMiQ T`ib r?B+? `2 b KmimHHv 2t+HmbBp2 b TQbbB#H2X h?Bb Bb  #bB+ +Q;MBiBp2 T`Q+2bb 7Q`
?mKMb M/ Bb T`i Q7 Qm` 2p2`v/v HB72bX _Qb+? M/ GHQv/ (_Gd3- TX k3) r`Bi2 i?i- ǳ(XXX) b M
Q`;MBbK- r?i QM2 rBb?2b iQ ;BM 7`QK QM2Ƕb +i2;Q`B2b Bb  ;`2i /2H Q7 BM7Q`KiBQM #Qmi i?2
2MpB`QMK2Mi r?BH2 +QMb2`pBM; }MBi2 `2bQm`+2b b Km+? b TQbbB#H2ǴX q2 HH i2M/ iQ ;`QmT Q#D2+ib
Q7 i?2 rQ`H/ r?B+? r2 b22 M/ +Tim`2 BMiQ /BbiBM+i +i2;Q`B2b rBi?  bT2+B}+ Tm`TQb2X 6QHHQrBM;
>`M/ (>`y8)- +i2;Q`BxiBQM Bb i?2 #bBb 7Q` i?2 +QMbi`m+iBQM Q7 Qm` rQ`H/ FMQrH2/;2X h?Bb
BKTHB2b i?i Q#D2+ib M/ HbQ 2p2Mib `2 ;`QmT2/ BMiQ /BbiBM+i +i2;Q`B2bX h?2b2 +i2;Q`B2b `2
i?mb i?2 `2bmHi 7`QK  T`Q+2bb iQ /Bz2`2MiBi2- `2+Q;MBx2 M/ mM/2`biM/ Q#D2+ib M/ B/2b BM
i?2 `2H rQ`H/X
h?2 +QKT`2?2MbBQM Q7 i?2 +QM+2Ti Q7 +i2;Q`BxiBQM Bb 7mM/K2MiH 7Q` M mM/2`biM/BM; Q7 +Hb@
bB}+iBQM M/ +Hmbi2`BM; TT`Q+?2b BM K+?BM2 H2`MBM;X q2 BK iQ +i2;Q`Bx2 2p2Mib ++Q`/BM;
iQ ivTB+H 72im`2b Q7 K2K#2`b Q7 i?2 2p2Mi +i2;Q`v BM [m2biBQMX Ai Bb Mim`H iQ mb2 i?Bb B/2
b  KQ/2H 7Q`  +i2;Q`BxiBQM TT`Q+? 7Q` 2p2MibX
h?2 B/2 Q7 +i2;Q`BxiBQM ?b `2+2Bp2/ ii2MiBQM BM KMv +/2KB+ }2H/bX AM i?2 M2ti b2+iBQMb
r2 iF2  /22T2` HQQF BMiQ i?2 /2p2HQTK2Mi Q7 i?2 +i2;Q`BxiBQM B/2X AM a2+iBQM kXRXR- r2 bi`i
rBi? i?2 T?BHQbQT?B+H Q` bQ@+HH2/ +HbbB+H pB2rX q2 i?2M 2H#Q`i2 QM i?2 KQ/2`M pB2r BM
+Q;MBiBp2 Tbv+?QHQ;v- BM kXRXkX 6BMHHv- BM a2+iBQM kXRXj r2 #mBH/ i?2 #`B/;2 iQ Qm` /2}MBiBQM Q7
r?i +QMbiBimi2b i?2 i2`K +Hmbi2`BM;X

&KDSWHU  )XQGDPHQWDOV RI 7KLV :RUN
 &DWHJRUL]DWLRQ LQ 3KLORVRSK\ ŏ 7KH &ODVVLFDO 9LHZ
h?2 +i2;Q`BxiBQM +QM+2Ti rb /Bb+mbb2/ /22THv BM i?2 }2H/ Q7 T?BHQbQT?vX JMv T?BHQbQT?2`b
i`B2/ iQ Mbr2` i?2 [m2biBQM Q7 r?i `2 M2+2bb`v M/ bm{+B2Mi +QM/BiBQMb 7Q`  T`QT2` /2}MBiBQM
Q7 +i2;Q`B2bX
H`2/v #Qmi irQ M/  ?H7 KBHH2MB ;Q- i?2 +QM+2Ti Q7 +i2;Q`BxiBQM TT2`2/ BM rQ`Fb
Q7 SHiQ-  ?m;2Hv BKTQ`iMi :`22F T?BHQbQT?2` M/ Ki?2KiB+BMX AM ?Bb i?2Q`v Q7 7Q`Kb
M/ B/2b- SHiQ #2HB2p2b i?i i?2 Ki2`BH rQ`H/ Bb QMHv  b?/Qr Q` TQQ` +QTv Q7 +QM+2Tib
7`QK i?2 `2H MQM@Ki2`BH rQ`H/X h?2 #bBb 7Q` i?Bb Bb SHiQǶb +QM+2Ti Q7 ?vHQKQ`T?BbK- i?2
i?2Q`v i?i bm#biM+2b `2 7Q`Kb +QMbBbiBM; Q7 Ki2`BHX AM ?Bb QTBMBQM- i?2b2 7Q`Kb `2 +QMbiMi
#bi`+i `2T`2b2MiiBQMb Q7 i?2 i?BM;b `QmM/ mb M/ `2 +imHHv i?2 i`m2 #bBb Q7 `2HBivX h?Bb
i?2Q`v Bb 2t2KTHB}2/ BM i?2 HH2;Q`v Q7 i?2 *p2- T`i Q7 #QQF oAA 7`QK ?Bb rQ`F SQHBi2ő Uh?2
_2Tm#HB+VX
AM +QMi`bi iQ SHiQ- QM2 Q7 ?Bb bim/2Mib- `BbiQiH2 /Bb;`22/ rBi? ?Bb i2+?2` i?i B/2H 7Q`Kb
2tBbi b2T`i2Hv 7`QK T`iB+mH` i?BM;bX >2 `;m2/ i?i 7Q`Kb `2 K2`2Hv ;2M2`HBxiBQMbX `Bb@
iQiH2 /2p2HQT2/ i?2 #bB+ T`BM+BTH2b Q7 +i2;Q`B+H HQ;B+X 6QHHQrBM; i?Bb HQ;B+ i?2`2 2tBbi /Bb+`2i2
2MiBiB2b r?B+? +?`+i2`Bx2 +i2;Q`B2b #v  b2i Q7 T`QT2`iB2bX h?Bb TT`Q+? ?b 2bi#HBb?2/ i?2
#bBb 7Q` Mim`H itQMQKvX
>Qr2p2`- Bi ?b #2+QK2 +H2` i?i +i2;Q`BxBM; Bb KQ`2 +QKTH2t M/ i?i `BbiQiH2Ƕb pB2r /Q2b
MQi bmBi iQQ r2HH Qm` mM/2`biM/BM; Q7 ?Qr Q`;MBbKb +imHHv +i2;Q`Bx2X 6QHHQrBM; hvHQ`
(J>SRR- TX e9jz)- i?2 +HbbB+H pB2r KBMHv /Q2b MQi iF2 BMiQ ++QmMi r?i Bb i?2 `2H `2bQM
7Q` Q`;MBbKb iQ +i2;Q`Bx2X h?2v mb2 +i2;Q`BxiBQM iQ KM;2 i?2 +QmMiH2bb BKT`2bbBQMb Q7
i?2 2MpB`QMK2MiX hvHQ` r`Bi2b i?i  +i2;Q`BxiBQM Q7 2MiBiB2b T2` b2- Bb MQi M mb27mH Tm`TQb2
7Q` M Q`;MBbKX h?2b2 +i2;Q`B2b rQmH/ #2 iQQ `B;B/ M/ 2p2M B7 i?2v `2 r2HH@7Q`K2/ BM i?2Q`v
i?2v rQmH/ MQi bmBi ?mKM T2`+2TiBQM M/ +iBQMX
AM KQ`2 `2+2Mi iBK2b- T?BHQbQT?2`b HBF2 AKKMm2H EMi M/ Gm/rB; qBii;2Mbi2BM HbQ BMp2biB@
;i2/ +i2;Q`BxiBQMX AM ?Bb i?2Q`v Q7 7KBHv `2b2K#HM+2- qBii;2Mbi2BM (apRR- TTX jRz) HH2;2/
i?i MQi HH Q#D2+ib 7HHBM; mM/2` QM2 +i2;Q`v Kmbi b?`2 HH 72im`2b #mi i?2v Kv #2 +QM@
M2+i2/ #v +QKKQM bBKBH`BiB2b M/fQ` `2HiBQMb?BTbX b 2tKTH2b ?2 mb2/ i?2 i2`Kb ǳHM;m;2Ǵ
M/ ǳ;K2ǴX h?2v `2 M 2tKTH2 Q7 ;`QmTb i?i `2 +QMM2+i2/ #v 7KBHv `2b2K#HM+2bX AM
i?2 +i2;Q`v ǳ;K2bǴ i?2`2 `2 2X ;X ǳ#Q`/ ;K2bǴ- ǳ+`/ ;K2bǴ- ǳ#HH ;K2bǴc qBii;2Mbi2BM
+?HH2M;2/ mb #v TQbBM; i?2 [m2biBQM r?2i?2` i?2`2 Bb Mvi?BM; +QKKQM iQ HHX
AM M2r2` i?2Q`B2b HBF2 T`QiQivT2 i?2Q`v- KBMHv +Q;MBiBp2 Tbv+?QHQ;Bbib i`v iQ bm`p2v Tbv+?QHQ;B+H
T`BM+BTH2b Q7 +i2;Q`BxiBQMb- BX 2X i?2 rv T2QTH2 `2HHv +i2;Q`Bx2X h?2 T`QiQivT2 i?2Q`v /Bz2`b
 HQi 7`QK i?2 +HbbB+H `BbiQi2HBM i?2Q`v Q7 +i2;Q`BxiBQM (GF3d- TTX kz)- (GF3k)- M/ i?2
M2ti b2+iBQM rBHH QmiHBM2 Bib #bB+ B/2bX
 &DWHJRUL]DWLRQ LQ &RJQLWLYH 3V\FKRORJ\ ŏ 7KH 3URWRW\SH 9LHZ
AM i?2 T`2pBQmb b2+iBQM r2 T`2b2Mi2/ i?2 T?BHQbQT?B+H pB2r Q7 +i2;Q`BxiBQMX Sbv+?QHQ;Bbib /Q
MQi 7mHHv ;`22 rBi? i?2 T?BHQbQT?2`bǶ pB2r b i?2B` mM/2`biM/BM; Bb MQi M2+2bb`BHv BM ++Q`/M+2

 )URP WKH &DWHJRUL]DWLRQ ,GHD WR (YHQW &OXVWHULQJ 'HƓQLWLRQ DQG 'HYHORSPHQW
rBi? ?mKM #2?pBQ`X LQi QMHv i?2 HBKBiiBQM iQ }t2/ #QmM/`B2b Q7 i?2 +i2;Q`B2b- r?B+? /Q2b
MQi ?QH/ i`m2 7Q`  pHB/ +i2;Q`BxiBQM K2i?Q/ BM ?mKM T2`+2TiBQM- Bb  `2bQM iQ BMp2biB;i2
KQ`2 BM i?Bb `2 iQ Qp2`+QK2 i?2 HBKBiiBQMb- #mi HbQ i?2 [m2biBQM r?v +i2;Q`BxiBQMb `2
K/2 i HH Bb Q7 BMi2`2biX
_Qb+? M/ GHQv/ (_Gd3)- bT2+BHBx2/ BM +Q;MBiBp2 Tbv+?QHQ;v- mb2/ qBii;2Mbi2BMǶb i?2Q`B2b b 
#bBb iQ }M/ Qmi i?i ?mKMb mb2 `2T`2b2MiiBp2 T`QiQivT2b b M Q`B2MiiBQM 7Q` +i2;Q`BxBM;
Q#D2+ib BMbi2/ Q7 mbBM; #bi`+i +`Bi2`B M/ i?mb +QBM2/ T`QiQivT2 i?2Q`vX q?BH2 qBii;2Mbi2BM
/B/ MQi T`QTQb2 i?i bQK2 Q#D2+ib `2 #2ii2` 2tKTH2b 7Q`  T`QiQivT2 i?M Qi?2`- _Qb+? `;m2/
i?i i?2 /BbiM+2 Q7  bT2+B}+ BMbiM+2 iQ i?2 T`QiQivT2 p`B2bX
AMbi2/ Q7 M 2[mH biimb rBi?BM  +i2;Q`v rBi? +H2` #QmM/`B2b- i?2`2 `2 bQK2r?i Qp2`@
HTTBM; +i2;Q`B2b rBi? #2ii2` M/ H2bb ;QQ/ 2tKTH2bX 6QHHQrBM; i?i i?2Q`v- Bi Bb TQbbB#H2 iQ
bT2+B7v ;`/mH K2K#2`b?BT iQ  +i2;Q`v BMbi2/ Q7  ?`/ #BM`v K2K#2`b?BTX AM i?2 +Q;MBiBp2
TT`Q+? Bi Bb r2HH@++2Ti2/ i?i Mim`H +i2;Q`B2b i2M/ iQ #2 7mxxv i i?2 #QmM/`B2bX Ai Bb
KQ`2 Q` H2bb  Kii2` Q7 i?2 TQBMi Q7 pB2r M/ 2tT2`B2M+2b Q7  T2`bQM iQ /2+B/2 QM i?2 ;`/2
Q7 K2K#2`b?BT 7Q` M Q#D2+i (_Qbd8)X
hvHQ` (J>SRR- TX e8k) `;m2/ i?i +i2;Q`B2b `2 /2}M2/ rBi? `2bT2+i iQ  ǳ#2bi 2tKTH2ǴX
_Qb+? bi`2M;i?2Mb i?i ?vTQi?2bBb b b?2 bii2b i?i ǳKm+? +imH H2`MBM; Q7 b2KMiB+ `272`@
2M+2 (XXX) Kv Q++m` i?`Qm;? ;2M2`HBxiBQM 7`QK 7Q+H 2t2KTH`bǴ (>2BdR)X a?2 HbQ r`Qi2 i?i
ǳMQi?2` rv iQ +?B2p2 b2T`i2M2bb M/ +H`Biv Q7 +imHHv +QMiBMmQmb +i2;Q`B2b Bb #v +QM@
+2BpBM; Q7 2+? +i2;Q`v BM i2`Kb Q7 Bib +H2` +b2b `i?2` i?M Bib #QmM/`B2bǴ (_Gd3- TX j8Ĝje)X
q?BH2 _Qb+? M/ GHQv/ (_Gd3) +QmH/ #2 BMi2`T`2i2/ BM  rv i?i 2p2`v +i2;Q`v Bb `2T`2b2Mi2/
#v 2t+iHv QM2 #2bi 2tKTH2- iFBM;  HQQF i rQ`F #v _Qb+? M/ J2`pBb (_Jd8) +H`B}2b i?i
i?2 ;2M2`HBxiBQM 7`QK b2p2`H ;QQ/ 2tKTH2b b  bmKK`v `2T`2b2MiiBQM rb K2MiX
h?2 7QHHQrBM; [mQi2 7`QK _Qb+? (_Gd3- TX jy) H2/b hvHQ` (J>SRR- TX e8j) mM/2`biM/  +i2@
;Q`v b  b2i Q7 r2B;?i2/ ii`B#mi2b,
ǳ(*)i2;Q`B2b i2M/ iQ #2+QK2 /2}M2/ BM i2`Kb Q7 T`QiQivT2b Q` T`QiQivTB+H BM@
biM+2b i?i +QMiBM i?2 ii`B#mi2b KQbi `2T`2b2MiiBp2 Q7 Bi2Kb BMbB/2 M/ H2bi
`2T`2b2MiiBp2 Q7 Bi2Kb QmibB/2 i?2 +i2;Q`vXǴ
6QHHQrBM; hvHQ` (J>SRR)- +i2;Q`v K2K#2`b M2Bi?2` M22/ iQ b?`2 HH ii`B#mi2b- MQ` Kmbi
M ii`B#mi2 #2 b?`2/ #v HH +i2;Q`v K2K#2`bX h?Bb 7QHHQrb qBii;2Mbi2BMǶb B/2 Q7 7KBHv
`2b2K#HM+2 (apRR) BM r?B+? ii`B#mi2b BMi2`b2+iX
M Hi2`MiBp2 TT`Q+? Bb iQ +QMbi`m+i  +i2;Q`v b  +QHH2+iBQM Q7 BMbiM+2bX aKBi? M/ J2/BM
(aJ3R) +HH i?Bb i?2 2t2KTH` pB2rX h?2v `;m2 i?i i?2`2 Bb MQ M22/ iQ /2}M2 T`QT2`iB2b B7
/Bz2`2Mi 2t2KTH`b Q7  +i2;Q`v /Q MQi M22/ iQ b?`2 Mv Q7 i?2KX +imHHv- BM i?Bb i?2Q`v-
i?2`2 Bb MQ ;2M2`HBxiBQM T`Q+2bb- BMbi2/ QM2 K2KQ`Bx2b  b2i Q7 Q#D2+ib #2HQM;BM; iQ i?2 K2Mi
+i2;Q`vX GQQFBM; mT B7 bQK2i?BM; #2HQM;b iQ i?i +i2;Q`v +QMbBbib Q7 +QMbmHiBM; i?2 K2KQ`v
p2`v [mB+FHv iQ b22 r?B+? i?BM;b Bi Bb KQbi bBKBH` iQ (Jm`yk- TX 9N)X
AM/2T2M/2Mi Q7 r?B+? pB2r QM2 /QTib- _Qb+? M/ GHQv/ (_Gd3) b?Qr2/ HbQ i?i i?2`2 `2
p`vBM; H2p2Hb Q7 #bi`+iBQMX h?2`27Q`2- ?mKMb +i2;Q`Bx2 BM  ?B2``+?B+H rvX h?2v `;m2

&KDSWHU  )XQGDPHQWDOV RI 7KLV :RUN
i?i i?2`2 2tBbib  #bB+ H2p2H i?i Bb T`BpBH2;2/ BM T2`+2TiBQMc +imHHv- i?Bb Bb i?2 H2p2H rBi? i?2
`2HiBp2Hv ;`2i2bi KQmMi Q7 BM7Q`KiBQMX h?2b2 #bB+ H2p2Hb `2 T`272``2/ #v /mHib BM  M2mi`H
b2iiBM; +H2`Hv b?QrBM; i?i i?2b2 i2M/ iQ #2 i?2 +QM+2Tib H2`M2/ 2`HB2bi #v vQmM; +?BH/`2MX
 (YHQW &OXVWHULQJ &KDUDFWHUL]DWLRQ
q?BH2 i?2 i?2Q`B2b /2b+`B#2/ #Qp2 `2 KBMHv #Qmi i?2 +i2;Q`BxiBQM Q7 i?BM;b- ?mKMb HbQ
+i2;Q`Bx2 KQK2Mib Q7 i?2B` HBp2b BMiQ 2p2Mib (whyRc L2B3ec "aN3)X AM `iB}+BH BMi2HHB;2M+2 M/
K+?BM2 H2`MBM;- i?2`2 Bb i?2 BK iQ BKBii2 i?i Mim`H +Q;MBiBp2 T`Q+2bb #v +QMbi`m+iBM; M/
H2`MBM;  KQ/2H 7`QK /i `i?2` i?M `2Hv QMHv QM T`Q;`KK2/ BMbi`m+iBQMbX
h?2 +i2;Q`BxiBQM i?2Q`B2b T`2b2Mi2/ 2`HB2` H2/ mb iQ i?2 ibF Q7 +Hmbi2`BM;- /2}M2/ b 7QH@
HQrb,
'HƓQLWLRQ ě &OXVWHULQJ *Hmbi2`BM; Bb i?2 ibF Q7 +i2;Q`BxBM; BM7Q`KiBQM BM  rv bQ i?i
Q#D2+ib BM i?2 bK2 +Hmbi2` `2 KQ`2 bBKBH` iQ 2+? Qi?2` i?M iQ i?Qb2 BM HH Qi?2` +Hmbi2`bX
*Hmbi2`BM; Bb MQi  bT2+BH H;Q`Bi?K #mi  +QKKQM i2+?MB[m2 mb2/ BM p`BQmb }2H/b HBF2 K+?BM2
H2`MBM;- Tii2`M `2+Q;MBiBQM- M/ BM7Q`KiBQM `2i`B2pH 7Q` bQHpBM; i?2 +i2;Q`BxiBQM ibFX h?2
;QH Q7 +Hmbi2`BM; +M i?mb #2 ++QKTHBb?2/ mbBM; /Bz2`2Mi H;Q`Bi?KbX h?Bb BKTHB2b HbQ i?i
i?2 /i M22/2/ 7Q` i?2 T`Q+2bbBM; b r2HH b i?2 `2bmHiBM; +Hmbi2`b rBHH #2 /Bp2`;2Mi /2T2M/BM;
QM i?2 mb2/ K2i?Q/QHQ;vX
GQQFBM; #+F i irQ Q7 i?2 i?2Q`B2b /2b+`B#2/ #Qp2- i?2 b2i Q7 r2B;?i2/ ii`B#mi2b i?2Q`v M/
i?2 2t2KTH` pB2r i?2Q`v- r2 b22 i?i i?2`2 `2 H`2/v irQ p2`v /Bz2`2Mi TT`Q+?2b r?B+?
+M #2 KTT2/ iQ /Bz2`2Mi +Hmbi2`BM; bi`i2;B2bX ++Q`/BM; iQ i?2 }`bi i?2Q`v- i?2 +Hmbi2`b
`2 `2T`2b2Mi2/ #v QMHv QM2- i?2 #2bi- `2T`2b2MiiBp2- 2X ;X  +2Mi`QB/X h?Bb +2Mi`QB/ KB;?i #2
i?2 K2M Q7 72im`2b 7`QK HH Q#D2+ib BMbB/2 i?2 +Hmbi2` Q` i?2 Q#D2+i r?B+? ?b #22M B/2MiB}2/
UBM r?i2p2` rvV iQ #2 i?2 KQbi +2Mi2`2/X hQ [m2`v i?2 /BbiM+2 iQ i?i +Hmbi2`- QMHv i?i
+2Mi`QB/ Bb mb2/X AM +QMi`bi iQ i?i- ++Q`/BM; iQ i?2 b2+QM/ i?2Q`v- HH +Hmbi2`b `2 `2T`2b2Mi2/
#v HH Q#D2+ib BMbB/2 i?2 +Hmbi2`X A7 r2 rMi iQ ;2i i?2 /BbiM+2 Q7 M Q#D2+i iQ i?i +Hmbi2`- Bi Bb
M2+2bb`v iQ +H+mHi2 i?2 /BbiM+2 iQ HH Q#D2+ib BMbB/2 Bi M/ i?2M iQ ;;`2;i2 Qp2` HH i?Qb2
/BbiM+2bX
amKK`BxBM;- r2 BMi2M/ iQ /2p2HQT M TT`Q+? mbBM; K+?BM2 H2`MBM; K2i?Q/b 7Q` 2p2Mi
+Hmbi2`BM; r?B+? Bb +T#H2 Q7 +Hmbi2`BM; /Q+mK2Mib BM  rv i?i `2b2K#H2b ?mKM +Q;MBiBp2
T2`+2TiBQMX h?2 +?HH2M;2 Bb iQ miQKiBx2 i?Bb T`Q+2bb Q7 2p2Mi +Hmbi2`BM; bQ i?i BM+QKBM;
/Q+mK2Mib +M #2 bbB;M2/ iQ i?2B` +Q``2bTQM/BM; 2p2Mi rBi?Qmi Mv mb2` BMi2`p2MiBQMX
 &KDUDFWHUL]DWLRQ RI DQ (YHQW
AM i?2 T`2pBQmb b2+iBQM r2 ;p2 M Qp2`pB2r Q7 r?i r2 mM/2`biM/ #v i?2 i2`Kb +i2;Q`BxiBQM
M/ +Hmbi2`BM;X AM //BiBQM iQ i?i- Bi Bb HbQ 2bb2MiBH iQ +QKT`2?2M/ r?i 2t+iHv +M #2

 &KDUDFWHUL]DWLRQ RI DQ (YHQW
mM/2`biQQ/ #v i?2 i2`K 2p2Mi #27Q`2 r2 +M /2p2HQT  bvbi2K 7Q` +Hmbi2`BM; 2p2MibX hFBM; 
HQQF BMiQ  /B+iBQM`vR- r2 }M/ i?`22 KBM /2}MBiBQMbX ++Q`/BM;Hv- M 2p2Mi Bb,
RX ǳbQK2i?BM; i?i ?TT2Mb Q` Bb `2;`/2/ b ?TT2MBM;c M Q++m``2M+2- 2bT2+BHHv QM2 Q7
bQK2 BKTQ`iM+2Ǵ
kX ǳi?2 Qmi+QK2- Bbbm2- Q` `2bmHi Q7 Mvi?BM;Ǵ
jX ǳbQK2i?BM; i?i Q++m`b BM  +2`iBM TH+2 /m`BM;  T`iB+mH` BMi2`pH Q7 iBK2Ǵ
GQQFBM; mT i?2 2ivKQHQ;v Q7 i?2 rQ`/ HbQ ;Bp2b mb  ?BMi #Qmi i?2 K2MBM; Q7 i?2 rQ`/X Aib
Q`B;BMb `2 7QmM/ BM i?2 GiBM HM;m;2X h?2 rQ`/ 2p2Mi Bb /2`Bp2/ 7`QK Ěp2Mimb r?B+? ?b i?2
K2MBM; Q7 Q++m``2M+2- ++B/2Mi- 7Q`imM2- Bbbm2 b r2HH b i?2 Tbi T`iB+H2 bi2K Q7 Ěp2MB`2 rBi?
Bib K2MBM; iQ +QK2 Qmi- iQ ?TT2M- M/ `2bmHiX
b r2 b22- M2Bi?2` i?2 /B+iBQM`v MQ` i?2 2ivKQHQ;v ?2HT mb iQ }M/ QMHv QM2 i`m2 /2}MBiBQM
Q7 r?i M 2p2Mi BbX AMbi2/- i?2`2 `2 b2p2`H Hi2`MiBp2 /2}MBiBQMbX aBKBH` iQ i?2 /2#i2b
#Qmi i?2 +i2;Q`BxiBQM B/2- i?2 +?`+i2`BxiBQM Q7 i?2 i2`K 2p2Mi ?b `2+2Bp2/ ii2MiBQM BM
?mKMBiB2b HBF2 T?BHQbQT?v M/ Tbv+?QHQ;v- iQQX q?BH2 QM2 KB;?i +i+?  #bB+ B/2 Q7 r?i M
2p2Mi Bb #v i?2 /2}MBiBQMb #Qp2- Bi Bb biBHH BMi2`2biBM; iQ iF2  /22T2` HQQF BMiQ Qi?2` }2H/b iQ
;2i M B/2 #Qmi ?Qr ?mKMb T2`+2Bp2 2p2MibX LQi QMHv `2b2`+?2`b #mi HbQ BM/BpB/mHb rBHH
/Bb;`22 H`;2Hv QM r?i 2t+iHv +QMbiBimi2b M 2p2MiX AM RNej- `2b2`+?2`b r2`2 H`2/v r`2
Q7 i?Bb FBM/ Q7 ?mKM #2?pBQ` #mi /B/ MQi ?p2 M mM/2`biM/BM; Q7 i?2 QM;QBM; +Q;MBiBp2
T`Q+2bb2b,
ǳh2KTQ`H bT2+ib Q7 #2?pBQ` `2 KQM; i?2 KQbi +QKT2HHBM; BM 2tT2`B2M+2 M/
KQM; i?2 KQbi 2bBHv K2bm`2/ Q7 HH Q7 #2?pBQ`Ƕb mMMmK#2`2/ +?`+i2`BbiB+bX
.2bTBi2 i?2 bHB2M+v Q7 i?2 iBK2 /BK2MbBQM ?Qr2p2`- HBiiH2 Bb FMQrM #Qmi i?2 +imH
``M;2K2Mi Q7 #2?pBQ` HQM; Bib i2KTQ`H tBbXǴě"`F2` ("`ej)
h?2 ;`QmT #2?BM/ i?2 QMiQHQ;v .PG*1 (:MYyk) /2}M2b irQ /BbDQBMi +Hbb2b 7i2` i?2 B/2
7`QK G2rBb (G2r3e) r?2`2 KQbi T?2MQK2M Q7 `2HBiv 7HH BMiQ 2M/m`Mib M/ T2`/m`MibX h?2
}`bi- 2M/m`BM; T`iB+mH`bk `2 T2`bBbiBM; 2MiBiB2b 2tBbiBM; BM iBK2 r?B+? M2+2bb`BHv H+F T`QT2`
i2KTQ`H T`ib M/ `2 M2+2bb`BHv r?QHHv T`2b2Mi i HH iBK2b Q7 i?2B` 2tBbi2M+2X Ai Bb `i?2`
2bv iQ b22 i?i 2p2`vi?BM; 7HHBM; BMiQ i?2 +i2;Q`v Q7 2M/m`Mib +M MQi #2 M 2p2MiX h?2`2
`2 KMv 2tKTH2b, T?vbB+H Q#D2+ib U2X ;X biQM2b- i`22b- ?mKMbV M/ Tbv+?QHQ;B+H Q#D2+ib
HBF2 B/2b- +QM+2Tib M/ ;QHb (awy3- TX 9)X h?2v HH ?p2 BM +QKKQM i?i i?2`2 Bb MQ i2KTQ`H
`272`2M+2 BMpQHp2/X h?2 BM7Q`KiBQM r2 ;BM 7`QK i?Bb Bb i?i 2p2Mib ?p2 iQ BM+Hm/2 i?2 iBK2
7+iQ`X h?Bb H2/b mb iQ i?2 +Hbb Q7 T2`/m`MibX S2`/m`BM; T`iB+mH`b `2 T2`bBbiBM; 2MiBiB2b
i?i ?TT2M BM iBK2X h?2v ?p2 T`QT2` i2KTQ`H T`ib- M/ bm+?  T2`/m`Mi +M ?TT2M i
bQK2 TQBMi BM iBK2X h?2 /m`iBQM Q7 i?2 ?TT2MBM; /Q2b MQi Kii2` M/ i?2 i2KTQ`H b+H2b
Kv bTM 7`QK KBHHBb2+QM/b iQ KBHH2MBX 1tKTH2b `2 FMQ+FBM; QM i?2 /QQ` Q` i?2 +`2iBQM Q7
 +MvQMX
R?iiT,ff/B+iBQM`vX`272`2M+2X+QKf#`Qrb2f2p2MiěHbi ++2bb2/ kyR9@yN@Re
k T`iB+mH` Bb  +QM+`2i2 2MiBiv 2tBbiBM; BM bT+2 M/ iBK2X

&KDSWHU  )XQGDPHQWDOV RI 7KLV :RUN
AM +QMi`bi- BM i?2 }2H/ Q7 T?vbB+b- M 2p2Mi Bb bBKTHv /2}M2/ b  T?vbB+H Q++m``2M+2 HQ+i2/
i  bT2+B}+ TQBMi BM bT+2 M/ iBK2 U2X ;X  H27 7HHBM; /QrM 7`QK  i`22VX lM7Q`imMi2Hv- i?2
/2}MBiBQM Bb KQ`2 +QKTHB+i2/ BM Qi?2` }2H/bX AM i?2 7QHHQrBM; b2+iBQMb r2 rBHH /Bb+mbb i?2 pB2rb
Q7 Qi?2` }2H/b HBF2 T?BHQbQT?v M/ Tbv+?QHQ;v- #mi HbQ BM `2+2Mi +QKTmi2` b+B2M+2- BX 2X i?2 `2b
Q7 K+?BM2 H2`MBM; M/ BM7Q`KiBQM `2i`B2pH- M/ i`v iQ ;Bp2  bm`p2v Qp2`  p`B2iv Q7 /QKBMbX
q2 }MHHv +QMM2+i i?2b2 TT`Q+?2b M/ i?2Q`B2b iQ Qm` /2}MBiBQM Q7 M 2p2Mi /Ti2/ iQ Qm`
T`Q#H2K /2}MBiBQMX
 (YHQW 'HILQLWLRQ LQ 3KLORVRSK\
J2iT?vbB+BMb ?p2  ;`2i /2bB`2 iQ mM/2`biM/ i?2 #bB+ Mim`2 Q7 i?BM;b i?i ?TT2MX JQ`2
;2M2`HHv i?2v rMi iQ mM/2`biM/ B7 2p2Mib +QMbiBimi2  #bB+ QMiQHQ;B+H +i2;Q`v Q` B7 i?2
?mKM +QM+2Ti Q7 M 2p2Mi Bb QMHv  rv Q7 Q`;MBxBM; 2H2K2Mib ("2Myk)X
*QMi2KTQ``v T?BHQbQT?2`b bi`i2/ rBi? M MHvbBb Q7 +iBQMbX +iBQMb- i?i +M #2 bB/- `2
+imHHv iQKB+ +QKTQM2Mib Q7 2p2MibX  /2}MBiBQM Q7  #bB+ +iBQM Bb T`QpB/2/ #v .MiQ
(.Mej), ǳB Bb  #bB+ +iBQM Q7 a B7 M/ QMHv B7 UBV B Bb M +iBQM M/ UBBV r?2M2p2` a T2`7Q`Kb
B- i?2`2 Bb MQ Qi?2` +iBQM A T2`7Q`K2/ #v a bm+? i?i B Bb +mb2/ #v AǴX 1p2M B7 i?Bb H2/b
BMiQ i?2 `B;?i /B`2+iBQM Q7 r?i M 2p2Mi +QmH/ #2- i?Bb Bb T`Q#H2KiB+ BM i?2 rv i?i M
+iBQM Bb MQi bvMQMvKQmb iQ M 2p2MiX M 2tKTH2 7Q`  #bB+ +iBQM Bb ǳKQpBM; QM2Ƕb ?M/Ǵ-
 +QmMi2`2tKTH2 Bb ǳTQBMiBM; rBi? i?2 ?M/ǴX h?2b2 +QM+2Tib Q7 +iBQMb `2 QMHv  7QmM/iBQM
7Q` i?2 H`;2` +QMbi`m+i 2p2MiX
AM T?BHQbQT?v- i?2`2 2tBbi HbQ TT`Q+?2b iQ +?`+i2`Bx2 MQi QMHv +iBQMb #mi HbQ 2p2MibX lMiBH
MQr- i?2`2 ?b #22M MQ mMBp2`bH /2}MBiBQM BM i?i `2- #mi i?2`2 2tBbi b2p2`H KQ`2 Q` H2bb
+QM+m``BM; T`QTQbHbX JQbi MQi#Hv- i?2`2 `2 i?2 7QHHQrBM; 7Qm` TT`Q+?2b iQ #2 K2MiBQM2/,
RX EBKǶb S`QT2`iv@1t2KTHB}+iBQM ++QmMi Q7 1p2Mib (EBKeNc EBKdj)
kX .pB/bQMǶb M/ G2KKQMǶb h?2Q`v Q7 1p2Mib (G2Kedc .peNc .p3y)
jX G2rBbǶ h?2Q`v (G2r3e)
9X ZmBM2Ƕb h?2Q`v (ZmB38)
AM i?2 7QHHQrBM; r2 /2b+`B#2 i?2b2 TT`Q+?2b BM KQ`2 /2iBH- bi`iBM; rBi? EBKǶb i?2Q`vX HH Q7
i?2 i?2Q`B2b ?p2 bi`2M;i?b M/ r2FM2bb2b rBi? `2bT2+i iQ Qm` Tm`TQb2X
.LP
V 3URSHUW\([HPSOLILFDWLRQ $FFRXQW RI (YHQWV
EBK (EBKeN) /Q2b MQi /B`2+iHv T`QpB/2  /2}MBiBQM Q7 M 2p2Mi #mi T`QpB/2b  ;2M2`H M/
7mM/K2MiH #bBb 7Q` i?2 +`2iBQM Q7  /2}MBiBQMX ++Q`/BM; iQ ?BK- i?2 i2`K 2p2Mi BKTHB2b
+?M;2 Q7  bm#biM+2ě7QHHQrBM; EBK-  bm#biM+2 +M #2 Mv FBM/ Q7 Q#D2+i rBi? MQ T`iB+mH`
T?BHQbQT?B+H /Q+i`BM2X h?Bb +?M;2 `2[mB`2b i?2 +[mBbBiBQM Q7  T`QT2`iv r?B+? M Q#D2+i /B/
MQi ?p2 #27Q`2 (EBKde)X EBK b22b 2p2Mib b bi`m+im`2/ M/ +QMbiBimi2/ #v i?`22 2H2K2Mib, BV
M Q#D2+i Q` Q#D2+ib x- BBV  T`QT2`iv P - M/ BBBV  iBK2 TQBMi Q` `M;2 tX >2 /2}M2b M mMB[m2
2p2Mi #v M 2tT`2bbBQM Q7 i?2 7Q`K [x, P, t] rBi? irQ +QM/BiBQMb,

 &KDUDFWHUL]DWLRQ RI DQ (YHQW
Ç [x, P, t] 2tBbib BM +b2 i?2 bm#biM+2 x ?b i?2 T`QT2`iv P i iBK2 t U2tBbi2M+2 +QM/BiBQMV
Ç [x, P, t] = [y,Q, t′] B7 x = y, P = Q, t = t′ UB/2MiBiv +QM/BiBQMV
ǳh?2 i?2Q`v bii2b i?i Dmbi BM +b2  bm#biM+2 x ?b T`QT2`iv P i t- i?2`2
Bb M 2p2Mi r?Qb2 +QMbiBimiBp2 Q#D2+i Bb x- r?Qb2 +QMbiBimiBp2 T`QT2`iv Bb P - M/
r?Qb2 iBK2 Q7 Q++m``2M+2 Bb t Ui?2 2tBbi2M+2 +QM/BiBQMV- M/ i?i 2p2Mib `2 B/2MiB+H
Dmbi BM +b2 i?2v ?p2 i?2 bK2 +QMbiBimiBp2 T`QT2`iv- Q#D2+i- M/ iBK2 Ui?2 B/2MiBiv
+QM/BiBQMVXǴě(EBKde)
AM //BiBQM- ?2 i?2Q`Bx2/ #Qmi 2p2Mib i?i V i?2v `2 MQM@`2T2i#H2 M/ mM+?M;2#H2 T`@
iB+mH`b BM+Hm/BM; MQi QMHv +?M;2b M/ bii2b #mi HbQ +QM/BiBQMb Q7 i?2 2p2Mi- #V i?2v ?p2 
bTiBQ@i2KTQ`H HQ+iBQM- M/ +V i?2 +QMbiBimiBp2 T`QT2`iv KF2b i?2 2p2Mi BM/BpB/mHX
'DYLGVRQ
V DQG /HPPRQ
V 7KHRULHV RI (YHQWV
G2KKQM (G2Ked) M/ .pB/bQM (.peN) ;`22/ i?i 2p2Mib `2 mM/2`biQQ/ b HQ;B+H T`iB+mH`b-
BX 2X MQM@`2T2i#H2 Q++m``2M+2bX h?2v `2 +QMbB/2`2/ b +QMbiMib r?B+? +M #2 mb2/ BM }`bi@
Q`/2` T`2/B+i2 HQ;B+X h?2 /Bz2`2M+2 #2ir22M M 2p2Mi M/ M Q#D2+i Bb ;`QmM/2/ #v i?2 pB2r
i?i 2p2Mib `2 Q++m``2M+2b r?BH2 Q#D2+ib `2 /2}MBiBp2Hv MQiX .pB/bQM 2tTHBMb i?i M Q#D2+i
`2KBMb i?2 bK2 i?`Qm;? +?M;2b- #mi M 2p2Mi +?M;2b BM M Q#D2+i Q` Q#D2+ib (.p3y)X
.pB/bQM M/ G2KKQM ?p2 2ti2M/2/ i?2 i?2Q`v Q7 2p2Mib #v irQ +QM/BiBQMb, BV i?2 +mbH
+`Bi2`BQM M/ BBV i?2 bTiBQ@i2KTQ`H +`Bi2`BQMX "Qi? mi?Q`b ;`22 BM i?2 +mbH +`Bi2`BQM QM i?i
2p2Mib `2 B/2MiB+H B7 i?2v ?p2 i?2 bK2 +mb2 M/ 2z2+iX 6Q` i?2 bTiBQ@i2KTQ`H +`Bi2`BQM
G2KKQM T`QTQb2/ i?i 2p2Mib `2 HbQ B/2MiB+H B7 i?2v Q++m` BM i?2 bK2 bT+2 M/ iBK2X
.pB/bQM Hi2` `2D2+i2/ i?i +`Bi2`BQM M/ ;p2 i?2 7QHHQrBM; 2tKTH2, ǳA7  K2iH #HH #2+QK2b
r`K2` /m`BM;  +2`iBM KBMmi2- M/ /m`BM; i?2 bK2 KBMmi2 `Qii2b i?`Qm;? j8 /2;`22b- Kmbi
r2 bv i?i i?2b2 `2 i?2 bK2 2p2Mi\Ǵ (.p3y- TX Rd3)X
/HZLV
 7KHRU\
G2rBb 7pQ`b  KQ`2 QTTQ`imMBbiB+ i?2Q`v i2HHBM; mb r?B+? 2MiBiB2b `2 7Q`KHHv ++2Ti#H2 b
2p2MibX h?2 2bb2M+2 Q7 G2rBbǶ B/2 7Q` i?2 i?2Q`v Q7 2p2Mib Bb i?i M 2p2Mi Bb  T`QT2`iv Q7
bTiBQ@i2KTQ`H `2;BQMb (G2r3e)X AM G2rBbǶ QMiQHQ;B+H b+?2K2- T`QT2`iB2b UBM+Hm/BM; 2p2MibV `2
MQi #bB+X G2rBb bii2b, ǳ1p2Mib 7HH BM rBi? i?2 T`QT2`iB2bc 7Q` A b22 MQ `2bQM iQ /BbiBM;mBb?
#2ir22M M 2p2Mi M/ i?2 T`QT2`iv Q7 #2BM;  bTiBQ@i2KTQ`H `2;BQM- Q7 i?Bb Q` MQi?2` rQ`H/-
r?2`2BM i?i 2p2Mi Q++m`bX (XXX) M 2p2Mi i?i +imHHv Q++m`b- i?2M- Bb  b2i i?i BM+Hm/2b 2t+iHv
QM2 i?Bb@rQ`H/Hv `2;BQMXǴ (G2r3e- TX N8)X G2rBb T`QTQb2b i?2 7QHHQrBM; +QM/BiBQM 7Q` bQK2 2MiBiv
e iQ #2 M 2p2Mi,
ǳe Bb M 2p2Mi QMHv B7 Bi Bb  +Hbb Q7 bTiBQ@i2KTQ`H `2;BQMb- #Qi? i?BbrQ`H/v
UbbmKBM; Bi Q++m`b BM i?2 +imH rQ`H/V M/ Qi?2`rQ`H/HvXǴ
AM ?Bb mM/2`biM/BM;- Mv BMbiM+2 Q7 i?i 2p2Mi +Hbb +imHHv ǳQ++m`bǴ- HH Qi?2`b UBM+Hm/BM;
i?2 2p2Mi Bib2H7V /Q MQi Q++m`X

&KDSWHU  )XQGDPHQWDOV RI 7KLV :RUN
4XLQH
V 7KHRU\
AM +QKT`BbQM iQ i?2 Qi?2` TT`Q+?2b- ZmBM2 (ZmB38) K/2  p2`v bBKTH2 bbmKTiBQM Q7 r?i
2p2Mib `2X >2 `;m2/ i?i 2p2Mib b?QmH/ #2 `2;`/2/ b `2;BQMb Q7 bT+2 M/ iBK2X >2 2H#Q`i2/
7m`i?2` i?i Q#D2+ib `2 mbmHHv  7KBHv Q7 #QmM/2/ bT+2@iBK2 `2;BQMb- HBF2 2p2MibX h?2`27Q`2-
b  +QMb2[m2M+2- 7QHHQrBM; ?Bb i?2Q`v- 2p2Mib +QmH/ #2 bBKTHv `2;`/2/ b Q#D2+ibX h?mb- i?2`2
rQmH/ MQi #2 i?2 M22/ iQ KF2 Mv /Bz2`2M+2 BM i?2 bbmKTiBQMb #Qmi #Qi?X
 (YHQW 'HILQLWLRQ LQ &RJQLWLRQ DQG 3V\FKRORJ\
AM Tbv+?QHQ;v i?2 bbmKTiBQM Bb i?i BM7Q`KiBQM #Qmi 2p2Mib Bb biQ`2/ BM  K2KQ`v bvbi2K i?i
+QMbBbib Q7 2TBbQ/2b +QHH2+i2/ /m`BM; HB72- i?2 bQ@+HH2/ miQ#BQ;`T?B+H K2KQ`vX h?Bb K2KQ`v
+QMbBbib Q7  +QK#BMiBQM Q7 2TBbQ/B+ M/ b2KMiB+ K2KQ`v (q**yd)X 6QHHQrBM; hmHpBM; (hmHdk)
M/qBHHBKb- *QMrv- M/ *Q?2M (q**yd)- 2TBbQ/B+ K2KQ`v biQ`2b BM7Q`KiBQM #Qmi 2TBbQ/2b
M/ 2p2Mib Q7 T2`bQMH 2tT2`B2M+2b i?i ?p2 #22M 2tT2`B2M+2/ i  +2`iBM iBK2 M/ TH+2X
a2KMiB+ K2KQ`v BMbi2/ biQ`2b ;2M2`H FMQrH2/;2 #Qmi i?2 rQ`H/X AM b?Q`i- r2 +M /2}M2 M
2p2Mi Q` 2TBbQ/2 BM Tbv+?QHQ;v b 7QHHQrb,
ǳM 2p2Mi Bb i?2 2KTB`B+H FMQrH2/;2 BM  #`BM Q7 M BM/BpB/mH #Qmi ?TT2MBM;b
Q7 bBimiBQMb Q` M Q++m``2M+2 Q7  bBimiBQMXǴ
Q` 7QHHQrBM; w+Fb M/ hp2`bFv (whyR),
ǳ 2p2Mi Bb  b2;K2Mi Q7 iBK2 i  ;Bp2M HQ+iBQM i?i Bb +QM+2Bp2/ #v M Q#b2`p2`
iQ ?p2  #2;BMMBM; M/ M 2M/XǴ
h?2 BM@/2Ti? /Bb+mbbBQMb BM Tbv+?QHQ;v `2 QM@;QBM; BM i?2 `2b Q7 +Q;MBiBQM M/ /2p2HQTK2MiX
q?BH2 i?2 /2}MBiBQMb Q7 r?i +QMbiBimi2b M 2p2Mi M/ +iBQM BM T?BHQbQT?v T`QpB/2b  #bBb-
Tbv+?QHQ;Bbib BK iQ +QK2 iQ M mM/2`biM/BM; ?Qr ?mKMb T2`+2Bp2 M/ i?BMF #Qmi Mvi?BM;
i?i ?TT2Mb (awy3)X
AM i?2 `2 Q7 Tbv+?QHQ;v- +QKKQM [m2biBQMb +QM+2`M i?2 /Bz2`2M+2b BM +i2;Q`BxiBQM #2ir22M
2p2Mib M/ Q#D2+ib- ?Qr 2p2Mib `2 T2`+2Bp2/ M/ b2;K2Mi2/- M/ ?Qr 2p2Mib `2 `2K2K#2`2/
M/ i?mb `2T`2b2Mi2/X q2 //`2bb i?2b2 [m2biBQMb BM i?2 7QHHQrBM; T`;`T?bX
&RQWUDVWLQJ -X[WDSRVLWLRQ RI (YHQWV DQG 2EMHFWV
AM 2`HB2` `2b2`+?- Bi rb MQi FMQrM B7 i?2`2 Bb  ;`2i /Bz2`2M+2 BM +i2;Q`BxiBQM #2ir22M
2p2Mib M/ Q#D2+ib ("`ej)X L2ribQM 2i HX (L2rY3d) M/ w+Fb M/ hp2`bFv (whyR) mb2/ i?2
T`QTQbH Q7 ZmBM2 (ZmB38) b M QTTQ`imMBiv iQ BMp2biB;i2 BM i?Bb /B`2+iBQMX
6QHHQrBM; w+Fb M/ hp2`bFv (whyR)- ?mKMb +i2;Q`Bx2 2p2Mib BM i?2 bK2 rv i?2v +i2;Q`Bx2
Q#D2+ib Ub22 HbQ b2+iBQM kXRXkVX b T`QTQb2/ BM i?2 T?BHQbQT?B+H TT`Q+? Q7 ZmBM2- Tbv+?QH@
Q;Bbib HBF2 L2ribQM 2i HX (L2rY3d) M/ w+Fb M/ hp2`bFv (whyR) +QM/m+i2/ bim/B2b i?i
bmTTQ`i i?i TT`Q+?X h?2b2 bim/B2b }MHHv H2/ iQ i?2 FMQrH2/;2 i?i 2p2Mib +M #2 Tmi i i?2

 &KDUDFWHUL]DWLRQ RI DQ (YHQW
bK2 H2p2H b Q#D2+ibX 6Q` mb- i?Bb Bb M BM/B+iBQM i?i +i2;Q`BxiBQM K2i?Q/b mb2/ 7Q` Q#D2+i
+i2;Q`BxiBQM +M #2 mb2/ rBi?Qmi KQ/B}+iBQM 7Q` 2p2Mi +Hmbi2`BM;X
MQi?2` MHQ;v Q7 2p2Mib iQ Q#D2+ib Bb i?i i?2v +QMbBbi Q7 T`ibX w+Fb 2H#Q`i2b 7m`i?2`
i?i i?2b2 `2HiBQMb T`Q/m+2 irQ 7Q`Kb Q7 ?B2``+?B+H Q`;MBxiBQM, T`iQMQKB2b UHbQ FMQrM b
K2`QMQKB2bV M/ itQMQKB2bX h?2 /Bz2`2M+2 #2ir22M #Qi? ?B2``+?B2b Bb i?i i?2 }`bi QM2 #b2b
Bib +i2;Q`BxiBQM QM T`i@r?QH2 `2HiBQMb?BTb M/ i?2 Hii2` QM /Bb+`2i2 b2ibX h?2 BMi2`T`2iiBQM
Q7 2/;2b BM T`iQMQKB2b Bb ǳT`i Q7Ǵc BM itQMQKB2b- Bi Bb ǳFBM/ Q7ǴX w+Fb M/ hp2`bFv (whyR)
2p2M bbmK2  +QK#BMiBQM Q7 #Qi? Q`;MBxiBQM 7Q`Kb BM ?mKM T2`+2TiBQMX h?2v 7QmM/ Qmi
i?i 2p2Mib `2 +?`+i2`Bx2/ KQbiHv i i?2 #bB+ H2p2H Q7 i?2 ?B2``+?vX
AM +QMi`bi iQ i?2 TQbBiBp2 MHQ;B2b #Qp2- i?2`2 Bb QM2 bm#biMiBH /Bz2`2M+2 #2ir22M 2p2Mib M/
Q#D2+ib, 2p2Mib `2 M2+2bb`BHv 2T?2K2`Hj r?B+? Bb MQi i?2 +b2 7Q` Q#D2+ib (whyRc J+*Nj)X h?Bb
b22Kb `2bQM#H2 b Bi Bb BM/22/ TQbbB#H2 iQ `2+Q;MBx2  T`iB+mH` Q#D2+i #mi Bi Bb BKTQbbB#H2
iQ 2tT2`B2M+2 i?2 bK2 2p2Mi KQ`2 i?M QM+2- 2X ;X 2p2`v *?`BbiKb Bb +2H2#`i2/ QMHv QM+2X
L2p2`i?2H2bb- Bi KB;?i #2 T2`+2TimHHv +i2;Q`Bx2/ b  ivT2 Q7 *?`BbiKb +2H2#`iBQMX 1p2Mib
+M #2 T2`+2TimHHv +i2;Q`Bx2/- #mi i?2v +MMQi T2`+2TimHHv B/2MiB}2/X
6HJPHQWDWLQJ DQG 3HUFHLYLQJ (YHQWV
L2ribQM M/ 1M;[mBbi (L1de) M/ "QHix ("QHNk) b?Qr2/ BM i?2B` 2tT2`BK2Mib i?i T2QTH2 ;`22
H`;2Hv QM bQ@+HH2/ #`2FTQBMib BM b?Q`i@`M;2 +iBQM M/ HQM;@`M;2 2p2MibX h?2v 2p2M b?Qr
i?i i?2b2 #`2FTQBMib ?p2  i2M/2M+v iQ +Q``2Hi2 rBi? i?2 KQK2Mi r?2M T?vbB+H 72im`2b
Q7 +iBQMb `2 +?M;BM; (L1"dd)X h?2`27Q`2- Bi Bb HHQr2/ iQ bbmK2 i?i T2QTH2 ?p2  +H2`
7QmM/iBQM 7Q` 2p2Mi #QmM/`B2bX
Ai +M HbQ #2 bbmK2/ i?i T2QTH2 +iBp2Hv KQ/mHi2 i?2 2p2Mi b2;K2MiiBQM H2p2HX 7Q` 2tKTH2-
T2QTH2 `2 #H2 iQ /BpB/2 2p2Mib i Qi?2` H2p2Hb B7 i?2v `2 /B`2+iHv bF2/ iQ /Q bQ (Ga_33)X w+Fb
M/ hp2`bFv (whyR) +HBK i?i i?2 bTQMiM2Qmb p`BiBQM BM b2;K2MiiBQM H2p2H Bb M22/2/ /m2 iQ
i?2 BK Q7 i?2 #`BM iQ KBMBKBx2 `2bQm`+2 +QMbmKTiBQMX 6Q`  ?mKM #2BM;- Bi Bb BKTQ`iMi iQ
KBMiBM  +Q?2`2Mi mM/2`biM/BM; Q7 i?2 bm``QmM/BM; ?TT2MBM;bX A7 i?2 i2KTQ`H TB2+2 Bb iQQ
+Q`b2- i?2 #`BM b?B7ib iQ  }M2` b2;K2MiiBQMX w+Fb M/ hp2`bFv (whyR) ;Q 7m`i?2` M/ HH2;2
i?i B7 2p2Mib `2 pB2r2/ QM HQM;2` iBK2@b+H2b- i?2v #2+QK2 H2bb iB2/ iQ T?vbB+H +iBpBivX
q?BH2 L2ribQM 2i HX (L2rY3d) /2Mv i?i ?mKMb 2M+Q/2 +iBpBiv BM T`iQMQKB+ ?B2``+?B2b-
w+Fb- hp2`bFv- M/ Av2` (whAyR) KQ`2 `2+2MiHv 7QmM/ BM 2tT2`BK2Mib i?i i?Bb Bb +imHHv i?2
+b2X
6Q` i?2 b2;K2MiiBQM M/ T2`+2TiBQM Q7 2p2Mib- w+Fb M/ hp2`bFv (whyR) ?B;?HB;?i i?`22 BK@
TQ`iMi TQBMib,
RX PM@HBM2 b2;K2MiiBQM i2+?MB[m2b +M #2 mb2/ iQ bim/v i2KTQ`H T`ib Q7 2p2MibX
kX 1p2Mib b22K iQ #2 T2`+2Bp2/ BM  T`iQMQKB+ bi`m+im`2X
jHbiBM; QMHv  T2`BQ/ Q7 iBK2

&KDSWHU  )XQGDPHQWDOV RI 7KLV :RUN
jX 1p2Mib ?p2  +mbH T2`+2TimH bi`m+im`2 M/  T`iQMQKB+ T2`+2TimH bi`m+im`2X "Qi?
KB;?i #2 ?B;?Hv +Q``2Hi2/X
5HPHPEHULQJ DQG 5HSUHVHQWLQJ (YHQWV ŏ $XWRELRJUDSKLFDO .QRZOHGJH %DVH
S2`+2TiBQMb- +iBQMb M/ 2p2Mib `2 bi`m+im`2/ #v `2T2i2/ 2tTQbm`2b iQ 2p2Mi b+?2Ki +QHH2+i2/
i?`Qm;? 2tT2`B2M+2X 6QHHQrBM; w+Fb M/ hp2`bFv (whyR)- i?2 b+?2Ki T`QpB/2 7Q` BV p`B#H2
#BM/BM; UHHQrb ;QHb M/ `QH2bV- BBV 2K#2//BM; UHHQrb T`iQMQKB+ bi`m+im`2V- BBBV p`B2/ H2p2Hb
Q7 #bi`+iBQM UHHQrb itQMQKB+ bi`m+im`2V- M/ BpV i?2v `2T`2b2Mi FMQrH2/;2 UHHQrb /TiBp2-
T`Q##BHBbiB+ T2`+2TiBQMVX _2+Q;MBxBM; M 2p2Mi b  +2`iBM ivT2 Q7 2p2Mi +i2;Q`v Bb /QM2 #v
Ki+?BM; Bi iQ b+?2Ki biQ`2/ BM K2KQ`vX A7 BM7Q`KiBQM Bb KBbbBM; BM T2`+2TiBQM- Bi Bb }HH2/
BM #v `272`2M+2 iQ `2i`B2p2/ b+?2K Ub22 HbQ "`QrM M/ a+?QT~Q+?2` ("aN3)VX
*QMrv M/ SH2v/2HH@S2`+2 (*Syy) +QM+Hm/2 7`QK QH/2` `2b2`+? i?i i?2 miQ#BQ;`T?B+H
K2KQ`v Bb bi`m+im`2/ BMiQ /Bz2`2Mi `2b, HB72iBK2 T2`BQ/b- ;2M2`H 2p2Mib- M/ 2p2Mi@bT2+B}+
FMQrH2/;2X 1tKTH2b 7Q` HB72iBK2 T2`BQ/b `2 ǳq?2M A rb vQmM;Ǵ Q` ǳq?2M A rb i b+?QQHǴX
h?2v `2T`2b2Mi ;2M2`H FMQrH2/;2 #Qmi b2p2`H i?BM;b HBF2 bB;MB}+Mi Qi?2`b- +QKKQM HQ+iBQMb-
+iBQMb- +iBpBiB2b- THMb- M/ ;QHbX *QMi``v iQ HB72iBK2 T2`BQ/b- ;2M2`H 2p2Mib `2 KQ`2 bT2+B}+
M/ KQ`2 ?2i2`Q;2M2QmbX "Qi? `2T2i2/ M/ bBM;H2 2p2Mib `2 BM+Hm/2/ BM i?Bb `2 ("`33)X h?2v
HbQ +M `2T`2b2Mi b2ib Q7 bbQ+Bi2/ 2p2Mib U b2`B2b Q7 K2KQ`B2bV (_Q#Nk)X :2M2`H 2p2Mib `2
;`QmT2/ BMiQ +Hmbi2`b M/ KBbbBM; BM7Q`KiBQM Bb `2+HH2/ 7`QK K2KQ`vc i?Bb Bb BM ++Q`/M+2
iQ w+Fb M/ hp2`bFv (whyR)X 1p2Mi@bT2+B}+ FMQrH2/;2 +QKT`Bb2b ?B;? H2p2Hb Q7 /2iBH #Qmi
+2`iBM 2p2Mib UHBF2 BK;2bVX 6QHHQrBM; *QMrv (*QMy8#)- i?2 +QK#BMiBQM Q7 i?2b2 `2b `2
Q`;MBx2/ BM  ?B2``+?v rBi?BM i?2 miQ#BQ;`T?B+H FMQrH2/;2 #b2 M/ KF2 mT 2p2`vQM2Ƕb
HB72 biQ`vX
h?2`2 Bb  /Bz2`2MiBiBQM #2ir22M bT2+B}+ M/ ;2M2`B+ K2KQ`B2b BM i?2 HBi2`im`2 (q**yd)X
h?Bb Bb `2bQM#H2 b QM2 KB;?i `2K2K#2`  bT2+B}+- T`iB+mH` 2p2Mi HBF2 iQ/vǶb BMi2`2bi ;`QmT
K22iBM; Q` Dmbi i?BMF #Qmi  ;2M2`B+ ;`QmT K22iBM;X
Ai Bb BKTQ`iMi iQ `2+Q;MBx2 i?i K2KQ`B2b 7/2X b  +QMb2[m2M+2- Qp2` iBK2- 2p2Mib `2
`2K2K#2`2/ BM  H2bb }M2@;`BM2/ 7b?BQM (Ewy3)X q?BH2 QM2 `2K2K#2`b 2p2`v bBM;H2 /v /B`2+iHv
7i2`  ?QHB/v- i?Bb }M2@;`MmH`Biv rBHH #2 HQbi 7i2` bQK2 iBK2X
 (YHQWV LQ 5HFHQW /LWHUDWXUH RI 0DFKLQH /HDUQLQJ DQG ,QIRUPDWLRQ 5HWULHYDO
AM p`BQmb ibFb BM i?2 `2 Q7 K+?BM2 H2`MBM; M/ BM7Q`KiBQM `2i`B2pH- i?2`2 `2 /Bz2`2Mi
b+2M`BQb r?2`2 /2}MBiBQMb Q7 i?2 i2`K 2p2Mi `2 M2+2bb`vX LQi QMHv BM i?2 p2`v +QKKQM
ibF Q7 2p2Mi M/ iQTB+ /2i2+iBQM BM M2rb 722/b (HHYN3)- #mi HbQ BM b2p2`H Qi?2` /QKBMb HBF2
pB/2Qb- BMbB/2` i`/BM;- bm`p2BHHM+2 M/ +`BK2 /2i2+iBQM- `2KQi2 b2MbQ`b- b r2HH b bQ+BH K2/B
THi7Q`Kb- i?2`2 `2 bQK2 FBM/ Q7 2p2Mib BMpQHp2/X Ai TTHB2b HbQ iQ i?2 2ti`+iBQM Q7 2p2Mib
7`QK `iB+H2b M/ /Q+mK2MibX AM i?Bb b2+iBQM r2 ;Bp2  bm`p2v #Qmi i?2 KBM ibFb BM i?2 `2
M/ b?Qr /Bz2`2Mi +?`+i2`BxiBQMb M/ /2}MBiBQM Q7 r?i Bb mM/2`biQQ/ #v i?2 i2`K 2p2Mi
?2`2X

 &KDUDFWHUL]DWLRQ RI DQ (YHQW
(YHQW 'HWHFWLRQ LQ 1HZV DQG 6WRULHV
hHFBM; #Qmi 2p2Mib BM BM7Q`KiBQM `2i`B2pH- i?2 `2 Q7 2p2Mi /2i2+iBQM BM M2rb M/ biQ`B2b
Bb QM2 Q7 i?2 KQbi T`QKBM2Mi QM2bX h?Bb `2b2`+? `2 Bb +QKKQMHv FMQrM b iQTB+ /2i2+iBQM
M/ i`+FBM; Uh.hVX  HQi Q7 `2b2`+?2`b ?p2 +``B2/ Qmi 2tT2`BK2Mib iQ /2i2+i 2p2Mib BM M2rb
biQ`B2bX h?2 KBM [m2biBQM r?B+? `Bb2b ?2`2 Bb ?Qr M 2p2Mi +M #2 +?`+i2`Bx2/X
"2;BMMBM; BM RNNe- i?2 .272Mb2 /pM+2/ _2b2`+? S`QD2+ib ;2M+v U._SV Tmb?2/ i?2
`2b2`+? BM h.h  HQiX AM  TBHQi bim/v- HHM 2i HX (HHYN3) bm`p2v2/ i?2 }2H/ Q7 h.hX
Aib Tm`TQb2 rb iQ }M/ M/ 7QHHQr M2r 2p2Mib BM bi`2Kb Q7 #`Q/+bi M2rb biQ`B2bX h?2v
B/2MiB}2/ i?`22 KDQ` ibFb, BV i?2 b2;K2MiiBQM Q7 bi`2K /i BMiQ /BbiBM+i M2rb biQ`B2b- BBV
i?2 B/2MiB}+iBQM Q7 M2r M2rb biQ`B2b r?2M i?2v }`bi Q++m`- M/ BBBV }M/BM; 7QHHQrBM; M2r biQ`B2b
;Bp2M  bKHH MmK#2` Q7 2tKTH2b Q7  +2`iBM 2p2MiX h?2 MMQii2/ +Q`Tmb 7Q` i?2 bim/B2b rb
T`Q/m+2/ #v i?2 CQm`MH Q7 :`T?B+b AMbiBimi2 rBi? `2bT2+i iQ k8 i`;2i 2p2Mib i?i ?p2 #22M
/2}M2/ ++Q`/BM; iQ i?2 h.h ;mB/2HBM2bX
AM i?2 bim/v Q7 HHM 2i HX (HHYN3)- i?2 MQiBQM Q7 iQTB+ rb K/2 2tTHB+Bi #v Bib BMi2`T`2iiBQM
Q7 2p2MiX h?2B` Q`B;BMH /2}MBiBQM Q7 i?2 i2`K 2p2Mi Bb b 7QHHQrb,
ǳ(a)QK2 mMB[m2 i?BM; i?i ?TT2Mb i bQK2 TQBMi BM iBK2XǴ
Ai Bb MQi#H2 i?i i?Bb }`bi /2}MBiBQM Dmbi BM+Hm/2b  i2KTQ`H `272`2M+2X h?2v 2H#Q`i2 7m`i?2`
i?i i?2v /Bz2`2MiBi2 #2ir22M 2p2Mib U2X ;X i?2 2`mTiBQM Q7  +2`iBM pQH+MQV M/ +Hbb2b Q7
2p2Mib U2X ;X pQH+MB+ 2`mTiBQMbVX h?2v HbQ HHQr 2p2Mib iQ #2 mM2tT2+i2/ b r2HH b 2tT2+i2/X
q?BH2 HHM- STF- M/ Gp`2MFQ (SGN3) M/ uM;- SB2`+2- M/ *`#QM2HH (uS*N3) H`2/v
Hi2`2/ i?2 /2}MBiBQM iQ BM+Hm/2  bTiBQ@i2KTQ`H BMbi2/ Q7 QMHv  i2KTQ`H `272`2M+2- i?2
h.h BMBiBiBp2 (HHyk) r2Mi 7m`i?2` M/ Qz2`2/  KQ`2 bT2+B}+ p2`bBQM Q7 i?2 /2}MBiBQM BM 
Hi2` Tm#HB+iBQM,
ǳ() bT2+B}+ i?BM; i?i ?TT2Mb i  bT2+B}+ iBK2 M/ TH+2 HQM; rBi? HH M2+2b@
b`v T`2+QM/BiBQMb M/ mMpQB/#H2 +QMb2[m2M+2bXǴ
AM //BiBQM- HHM (HHyk- TX 9k) /2}M2  iQTB+ b ǳM 2p2Mi Q` +iBpBiv- HQM; rBi? HH /B`2+iHv
`2Hi2/ 2p2Mib M/ +iBpBiB2bǴX AM h.h- i?2b2 iQTB+b `2 T`2/2}M2/c 7Q`  7mHH HBbi `272` iQ HHM
(HHyk- TX 9j)X "Qi? #Qp2 K2MiBQM2/ /2}MBiBQMb +H2`Hv /2}M2 i?2 #QmM/`B2b Q7 2p2Mib b mb2/
BM i?2 h.h ibFbX >Qr2p2`- i?2b2 /2}MBiBQMb QMHv +Qp2` 2p2Mi ivT2b mb2/ BM M2rb biQ`B2bX
6m`i?2`KQ`2- JFFQM2M (JFyj) ?b B/2MiB}2/ bQK2 ~rb `2;`/BM; M2+2bb`v T`2+QM/BiBQMb
M/ mMpQB/#H2 +QMb2[m2M+2b 7Q` 2p2MibX L2p2`i?2H2bb- M2r2` Tm#HB+iBQMb BM M2r M/ TQTmH`
2p2Mi /2i2+iBQM M/ i`+FBM; biBHH ;`22 rBi? i?i /2}MBiBQM (wwqydc GBMYRy)X
,QIRUPDWLRQ ([WUDFWLRQ
h?2 BK BM 2p2Mi 2ti`+iBQM Bb iQ B/2MiB7v M/ 2ti`+i 2p2Mib BM i2tiX PM2 mb2 +b2 7Q` i?Bb
K2i?Q/ Bb BM i?2 `2 Q7 #BQi2+?MQHQ;v M/ ?2Hi? (EBKYyN) r?2`2 `2b2`+?2`b rMi iQ /2i2+i
2p2Mib 7`QK TT2`b M/ HBi2`im`2 iQ T`QpB/2 Qp2`pB2rb Q7 2p2Mib iQ;2i?2` rBi? 2MiBiB2b M/

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`2HiBQMbX .2}MBiBQMb Q7 M 2p2Mi BM i?2b2 `2b `2 p2`v bT2+B}+ iQ 2+? `2 M/ `2 MQi mb27mH
iQ #2 +QMbB/2`2/ BM Qm` +QMi2tiX
1p2Mi 2ti`+iBQM ?b HbQ #22M mb2/ QM M2rb bQm`+2bX :BxmbFb M/ >mKT?`2vb (:>Nd) mb2/
 b2KMiB+ M2irQ`F 7Q` B/2MiB7vBM; 2p2Mib H`2/v BM RNNdX Gi2`- b T`i Q7 i?2 GM;m;2 _2@
bQm`+2b M/ 1pHmiBQM *QM72`2M+2 UG_1*V- i?2 miQKiB+ *QMi2Mi 1ti`+iBQM U*1V T`Q;`K
?b #22M BMi`Q/m+2/ BM RNNNX h?2 Q#D2+iBp2 BM *1 Bb iQ BM72` 2p2Mib- 2MiBiB2b M/ `2HiBQMb
7`QK ?mKM HM;m;2- MQi#Hv M2rbX AM i?2 #2;BMMBM;- *1 Dmbi /2i2+i2/ M/ i`+F2/ 2MiBiB2b
M/ `2HiBQMbX ai`iBM; BM kyy9- 2p2Mib r2`2 //2/ iQ i?2 ibFb- iQQ (.Q/Yy9)X
.2}MBiBQMb #Qmi i?2 i2`K 2p2Mi /Q MQi p`v Qp2` Tm#HB+iBQMb b i?2 ibF /2}M2b Bi BM i?2 *1
;mB/2HBM2b (*QMy8),
ǳM 1p2Mi Bb  bT2+B}+ Q++m``2M+2 BMpQHpBM; T`iB+BTMibX M 1p2Mi Bb bQK2i?BM;
i?i ?TT2MbX M 1p2Mi +M 7`2[m2MiHv #2 /2b+`B#2/ b  +?M;2 Q7 bii2XǴ
(YHQW 'HWHFWLRQ LQ 0XOWLPHGLD
h?2 TT`Q+? BM 2p2Mi /2i2+iBQM BM KmHiBK2/B HBF2 pB/2Q M/ m/BQ +HBTb Bb /Bz2`2Mi 7`QK i?2
Qi?2` TT`Q+?2b b i?2`2 `2 MQ i2timH 72im`2b BMpQHp2/X G2r 2i HX (G2rYye) `2TQ`i i?i
}`bi i`B2b 7Q` #QmM/`v /2i2+iBQM Q7 2p2Mib BM pB/2Qb r2`2 H`2/v K/2 BM i?2 RNNybX Ai #2+K2
KQ`2 TQTmH` BM `2+2Mi v2`b b K+?BM2b #2+K2 +T#H2 Q7 ?M/HBM; pB/2Q /iX q?BH2 }`bi
`2b2`+? rb H`2/v /QM2 BM i?2 h_1* oB/2Q _2i`B2pH 1pHmiBQM Uh_1*oA.V BM kyy3- 
bT2+BH ibF 7Q` 2p2Mi /2i2+iBQM rb BMi`Q/m+2/ BM kyRy rBi? i?2 h_1*oA. JmHiBK2/B 1p2Mi
.2i2+iBQM UJ1.VX
h_1*oA. J1. rMib iQ 2M+Qm`;2 `2b2`+?2`b iQ /2p2HQT i2+?MB[m2b r?B+? HHQr  b2`+? Q7
mb2`@/2}M2/ 2p2Mib BM KmHiBK2/B +QHH2+iBQMb pB  K2i/i biQ`2X h?2 /2}MBiBQM Q7 r?i Bb
mM/2`biQQ/ #v i?2 i2`K 2p2Mi ++Q`/BM; iQ i?2 h_1*oA. J1. kyR9 2pHmiBQM THM (h`R9)
Bb b 7QHHQrb,
ǳM ǳ2p2MiǴ Bb  +QKTH2t +iBpBiv Q++m``BM; i  bT2+B}+ TH+2 M/ iBK2 BMpQHpBM;
T2QTH2 BMi2`+iBM; rBi? Qi?2` T2QTH2 M/fQ` Q#D2+ibX M 2p2Mi +QMbBbib Q7  MmK#2`
Q7 ?mKM +iBQMb- T`Q+2bb2b- M/ +iBpBiB2b i?i `2 HQQb2Hv Q` iB;?iHv Q`;MBx2/ M/
i?i ?p2 i2KTQ`H M/ b2KMiB+ `2HiBQMb?BTb iQ i?2 Qp2``+?BM; +iBpBivX HH 2p2Mib
`2 /B`2+iHv Q#b2`p#H2XǴ
AM i?2b2 /2}MBiBQMb i?2 i2`Kb ǳ+iBQMbǴ M/ ǳT`Q+2bb2bǴ `2 MQi r2HH 2tTHBM2/X "mi- b i?2
/2bB`2/ 2p2Mib `2 T`QpB/2/ #v i?2 ibF KBMiBM2`b- i?2 /2}MBiBQMb iQ;2i?2` rBi? 2tKTH2b Q7
i?2 /2bB`2/ 2p2Mib b?HH #2 2MQm;? iQ ;`bT i?2 ;2M2`H B/2X
(YHQW 'HWHFWLRQ DQG ,GHQWLILFDWLRQ LQ 6RFLDO 0HGLD
AM i?Bb /Bbb2`iiBQM r2 `2 rQ`FBM; rBi? bQ+BH K2/B /iX h?2`27Q`2- Bi Bb Q#pBQmb iQ iF2 
HQQF i 2p2Mi /2}MBiBQMb BM bBKBH` rQ`F BM i?Bb `2X b r2 ?p2 H`2/v b22M BM Qi?2` bim/v
}2H/b- i?2`2 Bb MQ M22/ iQ /2}M2 M HH@mMBp2`bH /2}MBiBQMX AM i?2 bivH2 Q7 T?BHQbQT?B+H i?Qm;?i

 &KDUDFWHUL]DWLRQ RI DQ (YHQW
2tT2`BK2Mi `2;`/BM; Q#b2`piBQM M/ FMQrH2/;2 Q7 `2HBiv- bQK2QM2 QM i?2 AMi2`M2i +K2 mT
rBi? i?2 7QHHQrBM; [mQi2,
ǳA7  i`22 7HHb BM i?2 7Q`2bi M/ MQ#Q/v ir22ib #Qmi Bi- /B/ i?2 i`22 Q` i?2 7Q`2bi
2p2` 2tBbi- M/ /B/ i?2 2p2Mi 2p2` ?TT2M\ǴělMFMQrM
_2i?BMFBM; Q7 i?2 [mQiiBQM #Qp2- Bi Bb mM/2MB#H2 i?i i H2bi QM2 ?mKM BM/BpB/mH ?b iQ
#2 BMpQHp2/ BM i?2 2p2Mi M/ 7m`i?2`KQ`2 bQK2QM2 ?b iQ iHF #Qmi i?2 ?TT2MBM;X AM 2`Hv
Tm#HB+iBQMb- i?2 /2}MBiBQM 7`QK i?2 h.h ibF ?b #22M /QTi2/ Ub22 #Qp2V ("L:yN)X Gi2`-
"2+F2` 2i HX ("2+YRk) `2}M2/ i?2B` /2}MBiBQM iQ #2 KQ`2 bT2+B}+,
ǳ(q)2 /2}M2 M 2p2Mi b  `2H@rQ`H/ Q++m``2M+2 e rBi? URV M bbQ+Bi2/ iBK2
T2`BQ/ Te M/ UkV  iBK2@Q`/2`2/ bi`2K Q7 bQ+BH K2/B /Q+mK2Mib De /Bb+mbbBM;
i?2 Q++m``2M+2 M/ Tm#HBb?2/ /m`BM; iBK2 TeXǴ
h?2`2 ?b #22M HbQ bBKBH` rQ`F /QM2 BM i?2 J2/B1pH "2M+?K`F 7Q` JmHiBK2/B 1pHmiBQM
UJ2/B1pHV aQ+BH 1p2Mi .2i2+iBQM Ua1.V ibF (G`YRj)X AM i?2 ibF /2b+`BTiBQM Q7 a1.-
`2b2`+?2`b `2 bF2/ iQ /Bb+Qp2` M/ /2b+`B#2 bQ+BH 2p2Mib BM  +QHH2+iBQM Q7 bQ+BH K2/B
+QMi2MiX Pp2` i?2 v2`b i?2`2 r2`2 /Bz2`2Mi ibFb iQ #2 /QM2 (S2iYR9)X q?BH2 i?2`2 rb }`bi
i?2 BK iQ }M/ Dmbi 2p2Mi +i2;Q`B2b U2X ;X bQ++2` Ki+?2bV- Bi 2pQHp2/ iQ i?2 [m2biBQM B7  +2`iBM
BMbiM+2 Q7 M 2p2Mi U2X ;X i?2 bQ++2` Ki+? #2ir22M 6`M+2 M/ aTBM BM a2Ti2K#2` kyR9V +M
#2 7QmM/X >2`2- i?2 /2}MBiBQM Q7 i?2 i2`K 2p2Mi Bb b 7QHHQrb (_2mYRj),
ǳaQ+BH 2p2Mib `2 2p2Mib i?i `2 THMM2/ #v T2QTH2- ii2M/2/ #v T2QTH2 M/ 7Q`
r?B+? i?2 bQ+BH KmHiBK2/B `2 HbQ +Tim`2/ #v T2QTH2XǴ
1p2Mi i?Qm;? i?2 /2}MBiBQMb `2 bQK2r?i /Bz2`2Mi- r2 b22 M2p2`i?2H2bb i?i i?2v bi`QM;Hv
/?2`2 iQ i?2 bQ+BH K2/B bT2+iX
 'LVFXVVLRQ DQG 'HILQLWLRQ
AM i?2 T`2+2/BM; b2+iBQMb- r2 T`2b2Mi2/ MmK2`Qmb TT`Q+?2b 7`QK /Bz2`2Mi `2b2`+?2`b Q7 p`@
BQmb }2H/b Q7 bim/v r?Q r`2biH2/ rBi? /2}MBiBQMb Q7 i?2 i2`K 2p2MiX h?2Q`B2b 7`QK T?BHQbQT?v
T`QpB/2  p2`v ;QQ/ ;`QmM/BM; M/ b2i i?2 KBMBKH `2[mB`2K2Mib 7Q` /2}MBiBQMb BM Qi?2` /Bb+B@
THBM2bX b M 2bb2M+2- r2 H2`M i?i i?2 KDQ`Biv ;`22b mTQM i?2 i?2Q`v i?i M 2p2Mi +QMbBbib
Q7 bQK2 +iBpBiv i bQK2 iBK2 M/ TH+2 r?B+? Bb +QM/m+i2/ #v bQK2 ;2MiX h?Bb i?2Q`v Bb HbQ
pHB/ 7Q` Qm` mM/2`biM/BM; Q7 M 2p2MiX
_2;`/BM; i?2 2tT2`BK2Mib M/ /2}MBiBQM BM i?2 `2 Q7 Tbv+?QHQ;v- r2 ;`22 i?i M 2p2Mi Bb
MQi bQK2 BMp2Mi2/ `iB}+BH +QMbi`m+i #mi  7mM/K2MiH +QM+2Ti r?B+? Bb T`i Q7 2p2`v +Q;MBiBp2
bvbi2KX Ai Bb i?mb Q#pBQmb 7Q` mb iQ #mBH/ M 2p2Mi +Hmbi2`BM; bvbi2K r?B+? bi`QM;Hv /?2`2b
iQ i?i Mim`H +QM+2Ti BM ?mKM T2`+2TiBQM b i?2 bvbi2K b?HH +i2;Q`Bx2 Bi2Kb iQ 2p2Mib
mM/2`biQQ/ #v i?2 mb2`bX b  +QMb2[m2M+2-  /2}MBiBQM Kmbi BM+Hm/2 i?2 B/2b M/ }M/BM;b
7`QK Tbv+?QHQ;BbibX

&KDSWHU  )XQGDPHQWDOV RI 7KLV :RUN
6BMHHv- BM //BiBQM iQ i?2 Qi?2` `;mK2Mib- r2 HbQ HBF2 iQ BM+Hm/2  ?BMi iQ bQ+BH K2/BX q?2M
rQ`FBM; rBi? bQ+BH K2/B- Bi Bb Q#pBQmb i?i MQi HH ivT2b Q7 2p2Mib `2 BM+Hm/2/ #mi QMHv i?2
QM2b T2QTH2 `2 iHFBM; #QmiX h?Bb 7+iQ` HbQ #`BM;b Qmi i?i Bi Bb M2+2bb`v i?i T2`bQMb `2
BMpQHp2/X
AM i?2 7QHHQrBM; r2 i?mb T`2b2Mi Qm` /2}MBiBQM 7Q` i?2 i2`K 2p2MiX 6m`i?2`KQ`2- r2 /2}M2 i?2
B/2MiBiv +QM/BiBQM M/ i?2 2p2Mi ;`MmH`Biv M/ ?B2``+?vX HH i?2b2 /2}MBiBQMb `2 BM HBM2 rBi?
i?2 /Bb+mbb2/ T`2KBb2bX
(YHQW 'HILQLWLRQ
'HƓQLWLRQ ě (YHQW M 2p2Mi Bb M Q++m``2M+2 Q` ?TT2MBM; i  b2;K2Mi Q7 iBK2 i  ;Bp2M
U`2H@rQ`H/V HQ+iBQM i?i Bb +QM+2Bp2/ #v b2p2`H Q#b2`p2`b iQ ?p2  #2;BMMBM; M/ M 2M/-
M/ i?i Bb THMM2/- +``B2/ Qmi- M/ iHF2/ #Qmi #v ?mKMbX
(YHQW ,GHQWLW\ &RQGLWLRQ
'HƓQLWLRQ ě (YHQW ,GHQWLW\ hrQ 2p2Mib `2 i?2 bK2 QMHv B7 i?2v `2 i?2 bK2 Q++m``2M+2 Q`
?TT2MBM; i i?2 bK2 b2;K2Mi Q7 iBK2 i i?2 bK2 HQ+iBQMX
(YHQW *UDQXODULW\ DQG +LHUDUFK\
'HƓQLWLRQ  1p2Mib rBi? i?2 #Qp2 /2}MBiBQM +M #2 Q7 /Bz2`2Mi ;`MmH`BivX lbmHHv- i?2`2
Bb  ?B2``+?v Q7 2p2Mib- K2MBM; i?i i?2`2 `2 ?B;?2` H2p2H 2p2Mib i?i +QKT`Bb2 HQr2` H2p2H
2p2MibX h?2 7`i?2` #+F M 2p2Mi Bb BM iBK2- i?2 KQ`2 BKTQ`iMi `2 i?2 ?B;?2` H2p2H 2p2MibX

&+$37(5 
)RXQGDWLRQV DQG 5HODWHG :RUN
AM i?Bb +?Ti2` r2 `2pB2r i?2 HBi2`im`2 `2Hi2/ iQ i?Bb /Bbb2`iiBQM M/ /2b+`B#2 7QmM/iBQMb
i?i `2 /B`2+iHv `2H2pMiX b r2 ?p2 bii2/ #27Q`2- Qm` T`Q#H2K Q7 +HbbB7vBM; /Q+mK2Mib 7`QK
bQ+BH K2/B TTHB+iBQMb BMiQ /BbiBM+i 2p2Mib +M #2 i+FH2/ mbBM; K+?BM2 H2`MBM; H;Q`Bi?KbX
h?2b2 H;Q`Bi?Kb THv  F2v `QH2 BM bm++2bb7mHHv /2bB;MBM; TT`QT`Bi2 H2`M 7mM+iBQMb 7Q` i?2
ibFX h?2`27Q`2- i?2 bm#D2+i Q7 i?Bb rQ`F Bb iQ 2tTHQ`2 K+?BM2 H2`MBM; K2i?Q/b 7Q` i?2 +`2iBQM
Q7 M TT`Q+? iQ +HbbB7v bi`2K /i BMiQ 2p2Mi +i2;Q`B2bX _2;`/BM; i?2 /i iQ #2 T`Q+2bb2/
M/ i?2 ibF- r2 KBMHv ?p2 iQ /2H rBi? irQ rB/2Hv mb2/ K2i?Q/b BM K+?BM2 H2`MBM; 7Q` i?2
MHvbBb Q7 /i, +HbbB}+iBQM M/ +Hmbi2`BM; (JBiNN)X AM i?2 7QHHQrBM; r2 rBHH /Bb+mbb K+?BM2
H2`MBM; BM ;2M2`H M/ i?2 TTHB+iBQM Q7 K+?BM2 H2`MBM; i2+?MB[m2b 7Q` bi`2K +HbbB}+iBQM
BM T`iB+mH`X
_2;`/BM; K+?BM2 H2`MBM;- i?2 i2`K H2`MBM; `272`b iQ bvbi2Kb i?i ?p2 i?2 #BHBiv iQ H2`M
iQ bQHp2  ibF #v 2tKTH2 Q` Q#b2`piBQMX AM Q`/2` iQ ?p2 bm+? M #BHBiv- i?2b2 bvbi2Kb M22/
M TT`QT`Bi2 H2`MBM; K2i?Q/X *?2`FbbFv M/ JmHB2` (*Jyd) /2}M2  H2`MBM; K2i?Q/ b
7QHHQrb,
ǳ H2`MBM; K2i?Q/ Bb M H;Q`Bi?K (XXX) i?i 2biBKi2b M mMFMQrM KTTBM;
U/2T2M/2M+vV #2ir22M  bvbi2KǶb BMTmib M/ QmiTmib 7`QK pBH#H2 /i- MK2Hv
7`QK FMQrM UBMTmi- QmiTmiV bKTH2bX PM+2 bm+?  /2T2M/2M+v ?b #22M ++m`i2Hv
2biBKi2/- Bi +M #2 mb2/ 7Q` T`2/B+iBQM Q7 7mim`2 bvbi2K QmiTmib 7`QK i?2 FMQrM
BMTmi pHm2bǴě(*Jyd)
h?2 KTTBM; UQ` /2T2M/2M+vV *?2`FbbFv M/ JmHB2` (*Jyd) K2MiBQM +M #2 2tT`2bb2/ b 
7mM+iBQM h(x) : X → Y KTTBM; M BMTmi bT+2 X iQ M QmiTmi bT+2 Y X h?2 7mM+iBQM h(x)
b r2HH b i?2 BMTmi M/ QmiTmi /Bz2` /2T2M/BM; QM i?2 +imH ibFX AM K+?BM2 H2`MBM;- i?2
BK Q7 i?2 H2`MBM; T?b2 Bb iQ i`BM Q` H2`M i?2 7mM+iBQM h(x) bQ i?i Bi }ib  i`BMBM; /ib2i
X i?i Bb `2T`2b2Mi2/ #v BM/BpB/mH Q#b2`piBQMb {x(1), ..., x(m)}X h?2 }MH ;QH Bb iQ H2`M 
7mM+iBQM h(x) r?B+? +M #2 mb2/ 7Q` i?2 bm++2bb7mH KTTBM; Q7 v2i mMFMQrM Q#b2`piBQMb x iQ
++m`i2 QmiTmib y ∈ Y - KBMBKBxBM; i?2 `BbF Q7 KBb+HbbB7vBM;X

&KDSWHU  )RXQGDWLRQV DQG 5HODWHG :RUN
h`/BiBQMHHv- K+?BM2 H2`MBM; TT`Q+?2b +M #2 +i2;Q`Bx2/ BMiQ irQ /Bz2`2Mi ;`QmTb, mMbm@
T2`pBb2/ M/ bmT2`pBb2/ H2`MBM; TT`Q+?2bX lMbmT2`pBb2/ TT`Q+?2b `2- 7Q` 2tKTH2- +Hmb@
i2`BM; H;Q`Bi?Kb HBF2 F@J2Mb Q` 1tT2+iiBQM@JtBKBxiBQM U1JVX Pi?2` 2tKTH2b `2 /BK2M@
bBQMHBiv `2/m+iBQM H;Q`Bi?Kb HBF2 GBM2` .Bb+`BKBMMi MHvbBb UG.V Q` S`BM+BTH *QKTQM2Mi
MHvbBb US*VX hQ i`BM M mMbmT2`pBb2/ KQ/2H- QMHv {x(1), ..., x(m)} `2 mb2/ 7Q` i?2 i`BMBM;
rBi?Qmi Mv BM7Q`KiBQM #Qmi  /2bB;Mi2/ Qmi+QK2 y(i)X lbmHHv- i?2b2 H;Q`Bi?Kb `2 mb2/ B7
i?2 /2bB;Mi2/ Qmi+QK2 Bb MQi FMQrM Q` /B{+mHi iQ T`Q/m+2X A7 i?2 /2bB;Mi2/ Qmi+QK2 y(i) 7Q`
M Q#b2`piBQM x(i) Bb FMQrM-  bmT2`pBb2/ TT`Q+? +M #2 mb2/X amT2`pBb2/ H;Q`Bi?Kb +M #2
H2`M2/ mbBM; /i imTH2b BM i?2 7Q`K (x(i), y(i))X
h?2 KQbi `2H2pMi K+?BM2 H2`MBM; TT`Q+?2b 7Q` Qm` ibF `2,
Ç *HbbB}+iBQM, *HbbB}+iBQM BKb i B/2MiB7vBM; r?B+? Q7  b2i Q7 ;Bp2M +i2;Q`B2b 
v2i mMb22M /i TQBMi b?QmH/ #2 bbB;M2/ iQX h?Bb /2+BbBQM Bb K/2 QM i?2 #bBb Q7 Tbi
Q#b2`piBQMb r?2`2 i?2 +i2;Q`v K2K#2`b?BT Bb FMQrMX h?Bb Bb  bmT2`pBb2/ bi`i2;vX
Ç *Hmbi2`BM;, h?Bb TT`Q+? BKb i /Bb+Qp2`BM; +Hmbi2`b BM  ;Bp2M b2i Q7 /i TQBMib +@
+Q`/BM; iQ bQK2 +Hmbi2` +`Bi2`BQMX h?Bb +`Bi2`BQM +QmH/ #2  bBKBH`Biv Q` /BbiM+2X lbmHHv-
i?Bb T`Q+2bb Bb mMbmT2`pBb2/X
h?2 /Bz2`2M+2 #2ir22M i?2b2 irQ K2i?Q/b Bb BHHmbi`i2/ BM 6B;m`2 jXR #b2/ QM M Qp2`pB2r #v
EmM+?2p (EmMy9)X
M BKTQ`iMi [m2biBQM M/  T`2`2[mBbBi2 iQ mb2 Mv K+?BM2 H2`MBM; i2+?MB[m2 Bb r?B+? ivT2
Q7 /i +M #2 mb2/ M/ ?Qr Bi +M #2 +[mB`2/X hvTB+HHv- /ib2ib +QMbBbi Q7 /i TQBMib Q7
?mKM@+`2i2/ Q` Mim`H `iB7+ibX h?Bb KB;?i #2 BK;2b- M2rb `iB+H2b- Q` b2MbQ` /iX LQ
Qi?2` BM7Q`KiBQM #Qmi i?2 /i TQBMib Bb BM+Hm/2/X 6Q` 2tKTH2- i?2`2 Bb MQ 7m`i?2` /2b+`BTiBQM
Q7 ?Qr i?2b2 /i TQBMib `2 `2Hi2/- 2i+X am+?  +QHH2+iBQM Q7 /i Bb +HH2/ mMH#2H2/X
A7 i?2 mMH#2H2/ /i Bb m;K2Mi2/ rBi? bQK2 BM7Q`KiBQM #Qmi `2HiBQMb #2ir22M /i TQBMib-
Bi Bb +HH2/ H#2H2/ /iX h?Bb BM7Q`KiBQM KB;?i #2  +HbbB}+iBQM-  /BbiM+2 #2ir22M /i
TQBMib- Q`  K2MBM;7mH H#2H Q7 i?2 +Hbb Q7 +i2;Q`v i?2 /i TQBMi Bb #QmiX h?2b2 H#2Hb `2
Q7i2M Q#iBM2/ #v bFBM; ?mKMb iQ Dm/;2 M/ +HbbB7v i?2 /iX 6Q` 2tKTH2- BM i?2 +b2 Q7
BK;2 +Hmbi2`BM;- i?Bb Bb BM7Q`KiBQM #Qmi BK;2b 7Q`KBM;  ;`QmT Q` #2HQM;BM; iQ i?2 bK2
+i2;Q`vX A7 ?mKM bbB;M2/ +i2;Q`B2b 2tBbi 7Q`  /ib2i- Bi Bb Q7i2M `272``2/ iQ b  ;QH/
biM/`/X AM Qm` +b2- i?Bb ;QH/ biM/`/ BM+Hm/2b 2tKTH2 /i r?2`2 i?2 bBKBH`Biv #2ir22M
/i TQBMib Bb FMQrMX
b bm+?  ;QH/ biM/`/ UMMQii2/ /iV 2tBbib 7Q` Qm` T`Q#H2K- r2 `2 #H2 iQ 7`K2 i?2 ibF
b  +HbbB}+iBQM Q` +Hmbi2`BM; T`Q#H2KX AM i?2 7QHHQrBM;- r2 rBHH i?2`27Q`2 /Bb+mbb i?2b2 irQ
`2Hi2/ i2+?MB[m2bX 7i2` i?i r2 /Bb+mbb M 2ti2MbBQM Q7 +Hmbi2`BM; H;Q`Bi?Kb BM+Q`TQ`iBM;
bmT2`pBbBQM #v i?2 mb2 Q7 #+F;`QmM/ FMQrH2/;2 Ua2+iBQM jX9VX AM a2+iBQM jX8 r2 /Bb+mbb /Bz2`2Mi
TQbbB#BHBiB2b QM ?Qr i?2b2 i2+?MB[m2b +M #2 TTHB2/ iQ H`;2@b+H2 /ib2ibX a2+iBQM jXe i?2M
T`2b2Mib /Bz2`2Mi TT`Q+?2b BM i?2 }2H/ Q7 M2r 2p2Mi /2i2+iBQMX 6BMHHv- r2 +QM+Hm/2 i?2
+?Ti2` BM a2+iBQM jXd rBi? M Qp2`pB2r Q7 /B`2+iHv `2Hi2/ rQ`F bm`p2vBM; i?2 }2H/ Q7 bQ+BH
K2/B TTHB+iBQMb M/ bQ+BH 2p2Mi /2i2+iBQMX

 &ODVVLƓFDWLRQ
Feature Selection and 
Extraction




Selection of a Clustering 
Method
Clustering the Data











)LJXUH  'LIIHUHQFH EHWZHHQ XQVXSHUYLVHG DQG VXSHUYLVHG OHDUQLQJ VWUDWHJLHV DFFRUGLQJ WR .XQFKHYD >.XQ@
 &ODVVLILFDWLRQ
*HbbB}+iBQM /2MQi2b  K2i?Q/ iQ bbB;M Bi2Kb iQ +i2;Q`B2b Q` +Hbb2bX h?2 T`Q#H2K Bb iQ
B/2MiB7v i?2 +Q``2+i +i2;Q`v 7Q`  M2r /i TQBMi i?i ?b MQi #22M b22M bQ 7`X hvTB+HHv- r2
?p2 i?2 ;QH iQ H2`M  7mM+iBQM f i?i KTb M BMTmi p2+iQ` X iQ M QmiTmi p2+iQ` Y ,
f : X → Y UjXRV
h?2 7mM+iBQM f +M #2 H2`M2/ mbBM; bmBi#H2 i`BMBM; /i BM i?2 7Q`K Q7 TB`b (x(i), y(i))X A7
r2 bbmK2 i?i i?Bb /i Bb +i2;Q`Bx2/ ++Q`/BM; iQ  KmHiB@/BK2MbBQMH 72im`2 p2+iQ` bQ i?i
x(n) ∈ Rd- i?2 7mM+iBQM iQ #2 H2`M2/ Bb f : Rd → Y X
h?2 7mM+iBQM H2`M2/ 7`QK i?2 i`BMBM; /i Bb QMHv M TT`QtBKiBQM Q7 i?2 7mM+iBQM f i?i r2
rMi iQ H2`M #mi /Q MQi FMQrX h?2`27Q`2- r2 /2MQi2 i?2 H2`M2/ 7mM+iBQM b fˆ X Pm` ;QH Bb
iQ KBMBKBx2 i?2 2``Q` QM i?2 Qmi+QK2 r?2M T`2/B+iBM; mMb22M /i Bi2KbX AM Qi?2` rQ`/b- r2
BK iQ KBMBKBx2 i?2 `BbF iFBM;  r`QM; /2+BbBQMX h?Bb `BbF KBMBKBxiBQM +M #2 +?B2p2/ #v
F22TBM; i?2 p2`;2 2``Q` QM i?2 i`BMBM; /i i  KBMBKmKX

&KDSWHU  )RXQGDWLRQV DQG 5HODWHG :RUN
h?2`27Q`2-  7mM+iBQM Bb M22/2/ i?i [mMiB}2b i?2 QmiTmi 2``Q`X am+?  7mM+iBQM err /Bz2`b
/2T2M/BM; QM i?2 QmiTmi ivT2 M/ QM r?2i?2` i?2 QmiTmi Bb +QMiBMmQmbX A7 i?2 QmiTmi Bb HBM2`-







A7 i?2 QmiTmi Bb /Bb+`2i2- i?2 7QHHQrBM; #BM`v 2``Q` 7mM+iBQM +M #2 mb2/,
err(x) =
{
0, B7 f(x) = fˆ(x)
1, Qi?2`rBb2 UjXjV
h?2 H2`MBM; H;Q`Bi?K i`B2b iQ KBMBKBx2 i?2 2``Q` r?BH2 b2`+?BM; 7Q`  bmBi#H2 7mM+iBQM fˆ X
h?2 [mHBiv Q7 i?2 H2`M2/ 7mM+iBQM /2T2M/b QM i?2 #BHBiv Q7 ?Qr r2HH Bi +M ;2M2`HBx2 iQ
mMb22M /i TQBMibX h?2`2 `2 MmK2`Qmb 2tKTH2b 7Q` +imH H;Q`Bi?Kb i?i +M #2 mb2/ 7Q` 
bmT2`pBb2/ +HbbB}+iBQM, .2+BbBQM h`22b- amTTQ`i o2+iQ` J+?BM2b- S2`+2Ti`QMb- 2i+X HH i?2b2
H;Q`Bi?Kb `2 Dmbi /Bz2`2Mi KQ/2H +Hbb2b T`QpB/BM;  H2`MBM; 7mM+iBQMX  7`2[m2Mi KQ/2H Bb 
HBM2` 7mM+iBQM,
f(x) = w1 · x1 + w2 · x2 + ...+ wn · xn = wTx UjX9V
h?2 Q#D2+iBp2 Q7 i?2 H2`MBM; 7mM+iBQM Bb iQ T`K2i`Bx2 i?2 KQ/2H +Hbb bQ i?i i?2 2``Q` Bb
KBMBKBx2/X h?mb- bmT2`pBb2/ +HbbB}+iBQM +M HbQ #2 b22M b  bK`i b2`+? rBi?BM i?2 bT+2
Q7 HH TQbbB#H2 7mM+iBQMbX
 &OXVWHULQJ
h?2 }2H/ Q7 +Hmbi2`BM; Bb #`Q/ M/ i?2 MmK#2` Q7 /Bz2`2Mi H;Q`Bi?Kb Bb ?B;?X AM  TQbBiBQM
TT2` #v 1biBpBHH@*bi`Q (1biyk)- i?2 mi?Q` `;m2b i?i ǳ+Hmbi2`BM; Bb BM i?2 2v2 Q7 i?2 #2@
?QH/2`ǴX 6QHHQrBM; 1biBpBHH@*bi`Q- Mv +Hmbi2`BM; Q7  /ib2i- r?2i?2` T`Q/m+2/ #v  ?mKM
Q` H;Q`Bi?K- Bb  ?vTQi?2bBb 7Q` /i ;`QmTBM;b r?B+? Bb b2H2+i2/ KQM;  b2i Q7 TQbbB#BHBiB2b
bi`m+im`2/ BM bQK2 rvX h?Bb #2+QK2b  /i KQ/2H r?B+? KB;?i TQi2MiBHHv #2  K2+?MBbK
iQ +HbbB7v BMbiM+2b Q7 i?i /iX h?2 T`272`2M+2 Q7 QM2 ?vTQi?2bBb Qp2` MQi?2` Bb /QM2 mbBM;
bQK2 +Hmbi2`BM; +`Bi2`BQMX h?Bb +`Bi2`BQM +M #2 b22M b i?2 Ki?2KiB+H 7Q`KmHiBQM Q7 i?2
BM/m+iBp2 T`BM+BTH2 (1biykc sYy8c LHYy3)X 1biBpBHH@*bi`Q (1biyk) bii2b i?i KQ/2Hb `2 i?2
bi`m+im`2b iQ `2T`2b2Mi +Hmbi2`b ;Bp2M  /ib2i- M/ i?2 BM/m+iBQM T`BM+BTH2 Bb b2H2+iBM;  ǳ#2bi
}iǴ KQ/2HX
AM +QMi`bi iQ i?2 +HbbB}+iBQM ibF- +Hmbi2`BM; Bb ;2M2`HHv `2;`/2/ b M mMbmT2`pBb2/ H2`MBM;
T`Q#H2K (CJ6NN)X Ai Bb 7mM/K2MiH 7Q` i?2 MHvbBb Q7 /i Q7 r?B+? i?2 bi`m+im`2 Bb MQi
FMQrMX h?2 #bB+ ibF Bb iQ /Bb+Qp2` bBKBH`BiB2b M/ bi`m+im`2b rBi?BM  +QHH2+iBQM Q7 /i TQBMibX

 &OXVWHULQJ
*Hmbi2`BM; ?b #22M bim/B2/ 2ti2MbBp2Hv BM i?2 HBi2`im`2 M/ ?b BKTQ`iMi TTHB+iBQMb BM KMv
`2bX h?Bb BM+Hm/2b /i KBMBM; (>Eye)- p2+iQ` [mMiBxiBQM (ai28ec J+Yed)- biiBbiB+H /i
MHvbBb ("_Nj)- M/ Qi?2`bX  HQi Q7 /Bb+BTHBM2b ?p2 BMi`Q/m+2/ /Bz2`2Mi FBM/b Q7 +Hmbi2`BM;
K2i?Q/b M/ i2+?MB[m2b iQ #mBH/ +HbbB}+iBQMb 7Q` bi`m+im`BM; FMQrH2/;2X
"b2/ QM rQ`F #v 6vv/ 2i HX (6vYNe) M/ >HFB/B- "iBbiFBb- M/ oxB`;BMMBb (>"oyR)-
i?2 r?QH2 T`Q+2bb Q7 +Hmbi2`BM; +M #2 bmKK`Bx2/ #v i?2 7QHHQrBM; bi2Tb,
RX 62im`2 a2H2+iBQM, a2H2+iBQM Q7 i?2 72im`2b #b2/ QM r?B+? i?2 +Hmbi2`BM; Bb T2`7Q`K2/X
h?2 /i Kmbi #2 T`2T`Q+2bb2/ bQ i?i b Km+? BM7Q`KiBQM b TQbbB#H2 Bb 2M+Q/2/ iQ
`2+? i?2 +Hmbi2`BM; ;QHX
kX aBKBH`Biv *QKTmiiBQM, .2i2`KBM2b ?Qr bBKBH` Q` /BbbBKBH` /i TQBMib `2X Ai Bb
/2bB`2/ i?i HH 72im`2b +QMi`B#mi2 2[mHHv iQ i?2 bBKBH`Biv K2bm`2- #2+mb2 72im`2b
/QKBMiBM; KB;?i T`Q/m+2 M mM/2bB`2/ +Hmbi2`BM;X h?Bb Bb /2b+`B#2/ BM KQ`2 /2iBH BM
a2+iBQM jXjX
jX *Hmbi2`BM; *`Bi2`BQM,  +Hmbi2`BM; +`Bi2`BQM ?b iQ #2 /2}M2/ BM Q`/2` iQ /2i2`KBM2
?Qr ?Qr ;QQ/  +Hmbi2`BM; BbX h?Bb Bb /QM2 #v K2Mb Q7 bQK2 `mH2b Q`  +Qbi 7mM+iBQMX
9X *Hmbi2`BM; H;Q`Bi?K, M TT`QT`Bi2 +Hmbi2`BM; H;Q`Bi?K r?B+? +M #2 mb2/ iQ QT@
iBKBx2 i?2 +Hmbi2`BM; +`Bi2`BQM ?b iQ #2 +?Qb2M Q` /2p2HQT2/X Ai b?QmH/ }i i?2 +?Qb2M
/ib2iX
8X _2bmHi oHB/iBQM, h?2 [mHBiv M/ i?2 +Q``2+iM2bb Q7 i?2 `2bmHiBM; +Hmbi2`BM; ?p2 iQ
#2 2pHmi2/X h?2b2 `2bmHib +M i?2M #2 mb2/ iQ `2}M2 i?2 r?QH2 +Hmbi2`BM; T`Q+2bbX
PM2 Q7 i?2 bBKTH2bi +Hmbi2`BM; H;Q`Bi?K Bb F@J2MbX h?Bb H;Q`Bi?K BKb iQ T`iBiBQM n Q#@
b2`piBQMb x1, ..., xn BMiQ k +Hmbi2`b C = {C1, ..., Ck}X b bBKBH`Biv K2bm`2 Bi mbmHHv mb2b i?2
1m+HB/BM /BbiM+2X h?2 +Hmbi2`BM; +`Bi2`BQM b2`p2b iQ KBMBKBx2 i?2 b[m`2/ /BbiM+2b rBi?BM i?2








P7i2M- F@J2Mb 2KTHQvb GHQv/Ƕb H;Q`Bi?KX :Bp2M M BMBiBH U`M/QKV b2i Q7 k +2Mi`QB/b c1, ..., ck-
i?Bb H;Q`Bi?K Hi2`Mi2b #2ir22M irQ 7QHHQrBM; bi2Tb mMiBH +QMp2`;2M+2 Bb `2+?2/X
Ç bbB;MK2Mi, i 2+? Bi2`iBQM t- 2+? /i TQBMi Bb bbB;M2/ iQ i?2 +2Mi`QB/ r?Qb2 bmK




∥∥xp − c(t)i ∥∥2 ≤ ∥∥xp − c(t)j ∥∥2 ∀j, 1 ≤ j ≤ k}, UjXeV

&KDSWHU  )RXQGDWLRQV DQG 5HODWHG :RUN
Ç lT/i2, h?2 +2Mi`QB/ Bb `2+QKTmi2/ bQ i?i Bi `2T`2b2Mib i?2 K2M Q7 HH /i TQBMib







 +QMp2`;2M+2 ?b #22M `2+?2/ r?2M i?2 bbB;MK2Mib MQ HQM;2` +?M;2- bm+? i?i  UHQ+HV
QTiBKmK Bb 7QmM/X  /`r#+F Bb i?i i?2`2 Bb MQ ;m`Mi22 i?i i?Bb Bb HbQ i?2 ;HQ#H QTiB@
KmKX
AM ;2M2`H- +Hmbi2`BM; H;Q`Bi?Kb +M #2 +?`+i2`Bx2/ b, +QMM2+iBpBiv@#b2/- +2Mi`QB/@#b2/-
/Bbi`B#miBQM@#b2/- M/ /2MbBiv@#b2/X h?2 +Hmbi2`BM; +`Bi2`BQM b r2HH b i?2 H;Q`Bi?Kb `2
/Bz2`2Mi 7Q` 2+? Q7 i?2KX
h?2 +Q`2 B/2 Q7 +QMM2+iBpBiv@#b2/ +Hmbi2`BM; bi`i2;B2b Bb iQ `2;`/ Q#D2+ib b KQ`2 `2Hi2/
B7 i?2v `2 M2`#vX h?2 +Hmbi2`b `2 i?mb 7Q`K2/ #b2/ QM i?2 /BbiM+2 #2ir22M /i TQBMibX
H;Q`Bi?Kb BM i?i +i2;Q`v `2 HbQ FMQrM b ?B2``+?B+H +Hmbi2`BM; H;Q`Bi?Kb- b  ?B2``+?v
Q7 +Hmbi2`b Bb T`QpB/2/ i?i `2 K2`;2/ r?2M i?2v `2 +HQb2 2MQm;?X 1tKTH2b `2 HBMF;2
+Hmbi2`BM; H;Q`Bi?KbX
AM +2Mi`QB/@#b2/ +Hmbi2`BM; H;Q`Bi?Kb-  bQ@+HH2/ +2Mi`QB/ `2T`2b2Mib  +Hmbi2`X h?Bb +2Mi`QB/
/Q2b MQi M22/ iQ #2  K2K#2` Q7 i?2 /ib2iX M 2tKTH2 7Q` i?Bb ivT2 Q7 H;Q`Bi?K Bb F@J2MbX
h?2 Q#D2+iBp2 Q7 F@J2Mb Bb iQ }M/ k +Hmbi2` +2Mi2`b M/ iQ bbB;M i?2 /i TQBMib iQ i?2 M2`2bi
+2Mi`QB/ BM  rv bQ i?i i?2 b[m`2/ /BbiM+2b rBi?BM i?2 +Hmbi2` `2 KBMBKBx2/X
.Bbi`B#miBQM@#b2/ +Hmbi2`BM; H;Q`Bi?Kb mb2  +Hmbi2`BM; KQ/2H i?i Bb #b2/ QM /Bbi`B#miBQM
KQ/2HbX h?2 +Hmbi2`b `2 +`2i2/ 7`QK HH /i TQBMib i?i KQbi HBF2Hv #2HQM; iQ i?2 bK2
/Bbi`B#miBQMX M 2tKTH2 Bb i?2 :mbbBM KBtim`2 KQ/2H r?2`2 i?2 /i Bb KQ/2H2/ b :mbbBM
/Bbi`B#miBQMbX
h?2 B/2 #2?BM/ /2MbBiv@#b2/ +Hmbi2`BM; H;Q`Bi?Kb Bb i?i +Hmbi2`b `2 b22M b `2b r?2`2 i?2
/2MbBiv Bb ?B;?2` i?M BM M2B;?#Q`2/ bT`b2 `2bX .i TQBMib QmibB/2 i?2b2 `2b `2 +QMbB/2`2/
QmiHB2`b M/ KQbiHv `2;`/2/ b MQBb2X M 2tKTH2 H;Q`Bi?K Bb ."a*L U/2MbBiv@#b2/ bTiBH
+Hmbi2`BM; Q7 TTHB+iBQMb rBi? MQBb2VX
 'LVWDQFH )XQFWLRQV
JMv +Hmbi2`BM; H;Q`Bi?Kb M22/  /BbiM+2 7mM+iBQM 7Q` i?2 bm++2bb7mH +Hmbi2`BM; Q7 /i TQBMib
7`QK  /ib2iX Ai Bb HbQ FMQrM mM/2` i?2 MK2 Q7 bBKBH`Biv K2bm`2X h?2 bb2bbK2Mi Q7
bBKBH`BiB2b #2ir22M /i TQBMib Bb #bQHmi2Hv M2+2bb`v 7Q` KMv ibFb HBF2 +Hmbi2` MHvbBb M/
M2`2bi@M2B;?#Q` +HbbB}+iBQMX :2M2`HHv- i?2 /2}MBiBQM Q7 bm+? /BbiM+2 K2bm`2b Bb  p2`v
/B{+mHi ibF M/ `2[mB`2b ;QQ/ FMQrH2/;2 Q7 i?2 /i- Q` Q7  /BbiM+2 7mM+iBQM i?i ?b T`Qp2M
iQ #2 bmBi#H2X ai`2?H- :?Qb?- M/ JQQM2v (a:Jyy) +QKT`2/ /Bz2`2Mi /BbiM+2 K2bm`2b HBF2

 'LVWDQFH )XQFWLRQV
1m+HB/BM- +QbBM2- S2`bQM +Q``2HiBQM- M/ 2ti2M/2/ C++`/ rBi? `2bT2+i iQ /Bz2`2Mi +Hmbi2`BM;
i2+?MB[m2b BM i?2 }2H/ Q7 r2#@T;2 +Hmbi2`BM; iQ }M/ ;QQ/ KMmHHv +?Qb2M /BbiM+2 7mM+iBQMbX
 Hi2`MiBp2 bQHmiBQM- r?B+? Bb rB/2Hv TTHB2/ BM i?2 HBi2`im`2- Bb iQ H2`M  /BbiM+2 7mM+iBQMX
P7i2M-  r2B;?i2/ HBM2` +QK#BMiBQM Q7 i?2 bBM;H2 72im`2b Bb mb2/X h?2b2 r2B;?ib `2 i?2M
H2`M2/ 7`QK TQbBiBp2 M/ M2;iBp2 2tKTH2b ;2M2`i2/ 7`QK i?2 i`BMBM; /iX h?2 T`Q#H2K Bb
HbQ ivTB+HHv //`2bb2/ BM i?2 +QMi2ti Q7 bmT2`pBb2/ +Hmbi2`BM; r?2`2 r2 +M BM72` +QMbi`BMib
bQ i?i /i TQBMib #2HQM;BM; iQ i?2 bK2 +i2;Q`v ?p2  bKHH2` /BbiM+2 iQ 2+? Qi?2` i?M
iQ Qi?2` TQBMib MQi #2HQM;BM; iQ i?2 bK2 +i2;Q`vX
_B+?i2` (_B+Nj) MHvx2b i?2 H2`MBM; Q7 /BbiM+2 7mM+iBQMb 7Q` i?2 +HbbB}+iBQM ibF mbBM; 
+b2@#b2/ b+2M`BQX >2 7Q`KmHi2b i?2 ibF b i?2 QM2 iQ }M/  /BbiM+2 7mM+iBQM d bm+? i?i
irQ /i TQBMib a, b `2 BM i?2 bK2 +Hbb B7 i?2 /BbiM+2 d(a, b) #2ir22M #Qi? Bb bm{+B2MiHv
bKHHX  /Bz2`2Mi TT`Q+? iQ }M/ bmBi#H2 /BbiM+2 7mM+iBQMb M/ 72im`2b Bb T`2b2Mi2/ #v EB`
M/ _2M/2HH (E_Nk)X h?2 mi?Q`b mb2 M BMi2`+iBp2 bvbi2K HHQrBM; mb2`b iQ `i2  bBKBH`Biv
T`2/B+iBQMX h?2 /BbiM+2 7mM+iBQM Bb i?2M 2M?M+2/ mbBM; `2BM7Q`+2K2Mi H2`MBM;X  bBKBH`
TT`Q+? `2HvBM; QM i?2 bK2 i2+?MB[m2 +M #2 7QmM/ BM i?2 Tm#HB+iBQM Q7 aHx#2`; (aHNR)X
"2bB/2b i?2b2 2`Hv Tm#HB+iBQMb- i?2 H2`MBM; Q7 /BbiM+2 7mM+iBQMb ?b #22M rB/2Hv mb2/ BM
b+2M`BQb rBi? /Bz2`2Mi H;Q`Bi?Kb M/ i2+?MB[m2b bT`2/ Qp2` /Bz2`2Mi /QKBMbX .pBb 2i HX
(.pYyd) T`2b2Mi M BM7Q`KiBQM@i?2Q`2iB+ TT`Q+? 7Q` M2`2bi@M2B;?#Q` +HbbB}+iBQMX MQi?2`
bm++2bb7mH TT`Q+? iQ /BbiM+2 7mM+iBQM H2`MBM;- mbBM; M2m`H M2irQ`Fb- ?b #22M T`2b2Mi2/
#v ai2BM M/ LB;;2KMM (aLyR)X "`@>BHH2H 2i HX ("`Yyj) M/ 1B+F 2i HX (1B+Yy8) b?Qr i?i
i?2 +Hmbi2`BM; T2`7Q`KM+2 +M #2 KbbBp2Hv BKT`Qp2/ #v mbBM; _BM; *Hmbi2`BM; H;Q`Bi?K
U_*V M/ F@J2Mb- `2bT2+iBp2HvX "BH2MFQ M/ JQQM2v ("Jyj) T`2b2Mi  +HbbB}+iBQM@#b2/
TT`Q+? mbBM;  amTTQ`i o2+iQ` J+?BM2 7Q` H2`MBM; bBKBH`Biv K2bm`2bX AM i?2 bQ+BH K2/B
`2- i?2`2 Bb MQi#H2 rQ`F 7`QK "2+F2`- LKM- M/ :`pMQ ("L:Ry)- r?Q +QKT`2/ M
2Mb2K#H2@#b2/ TT`Q+? iQ M aoJ@#b2/ TT`Q+? 7Q`  /BbiM+2 7mM+iBQM H2`MBM;- b?QrBM;
i?i #Qi? TT`Q+?2b +M #2 TTHB2/ bm++2bb7mHHvX h?2v 7m`i?2` b?Qr i?i i?2 aoJ@#b2/
TT`Q+? Bb 2p2M KQ`2 2z2+iBp2 i?M i?2 2Mb2K#H2@#b2/ TT`Q+?X
CQ+?BKb (CQyk) T`QTQb2b iQ mb2  `MFBM; aoJ iQ H2`M  HBM2` `MFBM; KQ/2H i?i +M #2
2tTHQBi2/ iQ `MF /Q+mK2Mib BM BM7Q`KiBQM `2i`B2pH b+2M`BQbX "2+mb2 i?2 ibF Q7 H2`MBM;
 bBKBH`Biv 7mM+iBQM 7`QK i`BMBM; /i Bb /B`2+iHv `2Hi2/ iQ i?2 ibF Q7 H2`MBM;  `MFBM;
7mM+iBQM BM i?2 `2 Q7 AM7Q`KiBQM _2i`B2pH- BM QM2 Q7 Qm` Tm#HBb?2/ rQ`Fb r2 HbQ T`2b2Mi2/
M TT`Q+? 7Q` i?2 bQ+BH K2/B }2H/ mbBM; /Bz2`2Mi ivT2b Q7 amTTQ`i o2+iQ` J+?BM2b U`MFBM;
M/ biM/`/ aoJbV (_*RR)X h?Bb rQ`F 7QHHQrb TT`Q+?2b #v CQ+?BKb (CQyk) M/ 6F2`B@
h#`BxB 2i HX (6FYRy)X 6F2`B@h#`BxB 2i HX (6FYRy) mb2 aoJb 7Q` M BK#HM+2/ +HbbB}+iBQM
T`Q#H2K rBi? BK;2 MMQiiBQM M/ +QKT`2  biM/`/ M/  `MFBM; aoJ- b?QrBM; i?i i?2
Hii2` T2`7Q`Kb #2ii2`X HH TT`Q+?2b b?Qr i?i  `MFBM; aoJ +M #2 KQ`2 bi#H2 i?M 
biM/`/ aoJX  bBKBH` TT`Q+? mbBM;  S2`+2Ti`QM iQ H2`M  `MFBM; 7mM+iBQM ?b #22M
BMi`Q/m+2/ #v :Q 2i HX (:QYy8)X

&KDSWHU  )RXQGDWLRQV DQG 5HODWHG :RUN
 .QRZOHGJHEDVHG &OXVWHULQJ
q2 ?p2 #`B2~v BMi`Q/m+2/ i?2 +QM+2Tib Q7 bmT2`pBb2/ +HbbB}+iBQM M/ mMbmT2`pBb2/ +Hmbi2`BM;X
q?BH2 Bi Bb TQbbB#H2 iQ mb2 FMQrH2/;2 i?i ?b #22M +[mB`2/ BM i?2 Tbi BM i?2 +HbbB}+iBQM
ibF- Bi Bb iQiHHv B;MQ`2/ BM mMbmT2`pBb2/ +Hmbi2`BM; TT`Q+?2bX AM `2+2Mi v2`b- i?2`2 ?b #22M
`2b2`+? QM BMi`Q/m+BM; MQi?2` 7Q`K Q7 +Hmbi2`BM; r?B+? +M #2 bmKK`Bx2/ mM/2` i?2 i2`K
FMQrH2/;2@#b2/ +Hmbi2`BM;X AM i?Bb `2- B/2b 7`QK bmT2`pBb2/ +HbbB}+iBQM M/ mMbmT2`pBb2/
+Hmbi2`BM; `2 +QK#BM2/X
h?2 +Hmbi2`BM; ibF mbBM; H#2H2/ M/ mMH#2H2/ /i ?b #22M /m##2/ b2KB@bmT2`pBb2/ (**Jyjc
"YNNc ""Jyk) +Hmbi2`BM;X A7 QMHv H#2H2/ /i Bb mb2/ 7Q` i?2 +`2iBQM Q7 i?2 KQ/2H- HBF2 BM
rQ`F 7`QK 1B+F- w2B/i- M/ w?Q (1wwy9)- i?2 i2`K bmT2`pBb2/ +Hmbi2`BM; Bb mb2/X h?2 T`Q+2bb
Q7 +Hmbi2`BM; Bb bB;MB}+MiHv /Bz2`2Mi B7 Bi Bb iQiHHv mMbmT2`pBb2/ UrBi?Qmi H#2H2/ /iV Q` /QM2
rBi?  H2bi bQK2 FBM/ Q7 bmT2`pBbBQM UrBi? H#2H2/ /iVX
AM i?2 7QHHQrBM;- r2 bm`p2v +Hmbi2`BM; TT`Q+?2b r?2`2 #+F;`QmM/ FMQrH2/;2 Bb BM+Q`TQ`i2/
BMiQ i?2 +Hmbi2`BM; ibFX h?2 T`BM+BTH2 B/2 ?b H`2/v #22M mb2/ BM RNNe #v "2MbB/ 2i HX
("2MYNe) 7Q` i?2 ibF Q7 BK;2 b2;K2MiiBQMX AM i?Bb +Hmbi2`BM; b2iiBM;- mMH#2H2/ M/ H#2H2/
/i `2 #Qi? mb2/ iQ;2i?2`X AM T`iB+mH`- i?2 FMQrM +Hbb H#2Hb Q` TB`rBb2 +QMbi`BMib
QM b2p2`H 2tKTH2b `2 mb2/ iQ B/ M Qi?2`rBb2 mMbmT2`pBb2/ +Hmbi2`BM; Q7 mMH#2H2/ /iX
EQMQM2MFQ M/ EmF` (EEyd- TX j88) B/2MiB7v irQ /Bz2`2Mi bi`i2;B2b iQ BM+Q`TQ`i2 #+F;`QmM/
FMQrH2/;2 Q7 FMQrH2/;2@bmT2`pBb2/ +Hmbi2`BM;, +QMbi`BMi@#b2/ M/ K2i`B+@#b2/X
TT`Q+?2b 7HHBM; BM i?2 +QMbi`BMi@#b2/ +i2;Q`v `2 i?Qb2 r?2`2 i?2 +Hmbi2`BM; H;Q`Bi?K Bi@
b2H7 Bb +?M;2/ iQ ;2i  #2ii2` M/ KQ`2 TT`QT`Bi2 +Hmbi2`BM;X h?2b2 +?M;2b iQ i?2 H;Q`Bi?K
`2 Q7 /Bz2`2Mi FBM/- #mi i?2v HH ?p2 BM +QKKQM i?i i?2v +?M;2 i?2 Q#D2+iBp2 7mM+iBQM iQ
biBb7v Q` 2M7Q`+2 bQK2 +QMbi`BMibX .2KB`Bx- "2MM2ii- M/ 1K#`2+?ib (."1NN) KQ/B7v i?2 H;Q@
`Bi?K iQ BM+Hm/2  biBb7+iBQM Q7 +QMbi`BMibX aBKBH` iQ i?i- q;biz 2i HX (q;YyR) // irQ
TB`rBb2 Kmbi@HBMF +QMbi`BMib U+QM/BiBQM i?i iQ irQ /i TQBMib Kmbi #2 BM i?2 +Hmbi2`V M/
+MMQi@HBMF +QMbi`BMib UirQ /i TQBMib Kmbi MQi #2 BM i?2 bK2 +Hmbi2`V #2ir22M /i TQBMib
iQ i?2 F@J2Mb H;Q`Bi?KX  +QKT`#H2 TB`rBb2@+QMbi`BM2/ TT`Q+? ?b #22M +QMbB/2`2/ #v
"bm- "M2`D22- M/ JQQM2v (""Jy9)- r?Q //2/ M +iBp2 H2`MBM; bi`i2;vX b  ;QQ/ b22/@
BM; Bb BKTQ`iMi 7Q`  HQi Q7 +Hmbi2`BM; H;Q`Bi?Kb UHBF2 F@J2MbV- i?2`2 `2 HbQ TT`Q+?2b r?2`2
i?2 H#2H2/ 2tKTH2b `2 mb2/ iQ BMBiBHBx2 i?2 +Hmbi2` +2Mi2`b Ub22 "bm- "M2`D22- M/ JQQM2v
(""Jyk)VX MQi?2` bmT2`pBb2/ +Hmbi2`BM; H;Q`Bi?K ?b #22M BMi`Q/m+2/ #v CB`vmbFmH M/
mriMKQM;FQH (Cyd)- r?Q mb2  T`QiQivT2@#b2/ H;Q`Bi?K BM+Q`TQ`iBM; i2+?MB[m2b 7`QK
mMbmT2`pBb2/ :`QrBM; L2m`H :b H;Q`Bi?KbX _2M/H2 M/ a+?KB/i@h?B2K2 (_aye) BM+Q`TQ`i2
bmT2`pBbBQM iQ ;mB/2 i?2 b2`+? 7Q`  +Hmbi2`BM; BM i?2 }2H/ Q7 `2+Q`/ HBMF;2 mbBM;  >B2``+?B+H
;;HQK2`iBp2 *Hmbi2`BM; U>*V TT`Q+?X
AM K2i`B+@#b2/ TT`Q+?2b- i?2 +Hmbi2`BM; /BbiQ`iBQM K2bm`2 Bb /Ti2/ bQ i?i ;Bp2M +QM@
bi`BMib `2 biBb}2/X h?2 +Hmbi2`BM; H;Q`Bi?K Bib2H7 Bb MQi KQ/B}2/X h?2 KBM B/2 Bb iQ H2`M
M QTiBKBx2/ /BbiM+2 7mM+iBQM rBi? i?2 ?2HT Q7 H#2H2/ /iX h?2`2 `2 b2p2`H TT`Q+?2b mbBM;
/Bz2`2Mi /BbiM+2 K2i`B+bX 1tKTH2b `2 rQ`Fb 7`QK EH2BM- EKp`- M/ JMMBM; (EEJyk)-
r?Q mb2/ M 1m+HB/2M /BbiM+2 K2i`B+ r?B+? ?b #22M i`BM2/ mbBM;  b?Q`i2bi@Ti? H;Q`Bi?K-
M/ *Q?M- *`mM- M/ J+*HHmK (**Jyj)- r?Q QTiBKBx2/  EmHH#+?@G2B#H2` /Bp2`;2M+2

 /DUJHVFDOH 3URFHVVLQJ DQG 6FDODELOLW\
mbBM; ;`/B2Mi /2b+2MiX  HQi Q7 Qi?2` `2b2`+?2`b ?p2 2KTHQv2/ TT`Q+?2b rBi? /Bz2`2Mi /Bb@
iM+2 K2i`B+b M/ QTiBKBxiBQM H;Q`Bi?Kb Ub22 2X ;X sBM; 2i HX (sBMYyk) M/ .2 "B2- JQKK-
M/ *`BbiBMBMB (.J*yj)VX
"BH2MFQ- "bm- M/ JQQM2v (""Jy9+) mb2  +QK#BMiBQM Q7  +QMbi`BMi@#b2/ M/ K2i`B+@#b2/
+Hmbi2`BM; TT`Q+?X h?2v b?Qr i?i i?2 `2bmHib 7`QK i?2B` mMB}2/ TT`Q+? `2 #2ii2` i?M
Qi?2` TT`Q+?2b r?2`2 H#2H2/ /i Bb mb2/ QMHv 7Q` QM2 Q7 i?2 i2+?MB[m2b BM/BpB/mHHvX h?2
bK2 mi?Q`b HbQ BMi`Q/m+2/  7`K2rQ`F mbBM; >B//2M J`FQp _M/QK 6B2H/b r?2`2 i?2v
BM+Q`TQ`i2/ bmT2`pBbBQMX AM //BiBQM- i?2B` 7`K2rQ`F HHQrb 7Q` i?2 QTiBKBxiBQM Q7 /Bz2`2Mi
/BbiM+2 K2i`B+b (""Jy9#)X 1B+F- w2B/i- M/ w?Q (1wwy9) +QKT`2 /Bz2`2Mi H;Q`Bi?Kb M/
i?2B` T2`7Q`KM+2 rBi? bmT2`pBbBQM B/2MiB7vBM; /B{+mHiB2b rBi? KMv Q7 i?2KX
 /DUJHVFDOH 3URFHVVLQJ DQG 6FDODELOLW\
AM KMv TTHB+iBQMb /ib2ib `2 H`;2- r?B+? KF2b T`Q+2bbBM; 2tT2MbBp2X h?Bb Bb BM/22/ i?2
+b2 r?2M rQ`FBM; rBi? bQ+BH K2/B /iX 6QHHQrBM; J+*HHmK- LB;K- M/ lM;` (JLlyy)-
/ib2ib +M #2 H`;2 BM i?`22 /Bz2`2Mi rvb, BV i?2 MmK#2` Q7 2H2K2Mib BM i?2 /ib2i Bb p2`v
H`;2- BBV i?2 72im`2 /BK2MbBQM Bb ?B;?- b 2p2`v 2H2K2Mi Kv ?p2  HQi Q7 72im`2b- M/ BBBV
i?2 MmK#2` Q7 +Hmbi2`b iQ #2 +`2i2/ Bb ?B;?X aQ+BH K2/B /ib2ib `2 iQ #2 `2;`/2/ b H`;2
BM HH Q7 i?2b2 rvbX h?2`27Q`2- i?2 +Hmbi2`BM; Q7 H`;2@b+H2 /ib2ib ?b #22M B/2MiB}2/ b M
BKTQ`iMi +?HH2M;2X
q?BH2 i?2`2 `2 KMv 2{+B2Mi MBp2 BKTH2K2MiiBQMb Q7 +Hmbi2`BM; i2+?MB[m2b- i?2v HH ?p2
/Bz2`2Mi `2bQMb r?v i?2v +MMQi #2 mb2/ B7  /ib2i Bb H`;2 BM KQ`2 i?M QM2 Q7 i?2 #Qp2
K2MiBQM2/ rvbX JQbi K+?BM2 H2`MBM; H;Q`Bi?Kb `2 +imHHv QMHv mb2#H2 BM  b2iiBM; r?2`2
i?2 /ib2i Bb }t2/ M/ bKHHX AM i?2 7QHHQrBM; r2 i?2`27Q`2 +QMbB/2` H;Q`Bi?Kb M/ K2i?Q/b
r?B+? `2 +T#H2 Q7 ?M/HBM; H`;2@b+H2 M/ bi`2K@#b2/ /i b2ibX
b r2 ?p2 H`2/v /Bb+mbb2/ #27Q`2- b+H#BHBiv Bb +`m+BHX Ai Bb M #bQHmi2Hv M2+2bb`v `2[mB`2@
K2Mi B7 i?2 /ib2i Bb Q7 H`;2 b+H2 M/ B7 r2 `2 /2HBM; rBi?  bi`2K /i b2iiBM;X q2 7QHHQr
;;`rH (;;yd- TX 99) r?Q T`QpB/2b M Qp2`pB2r #Qmi K2i?Q/b KFBM;  +Hmbi2`BM; TQbbB#H2X
>2 /Bz2`2MiBi2b irQ i2+?MB[m2b 2M#HBM; mb iQ +Hmbi2` H`;2@b+H2 bi`2K /i, ibF@#b2/ M/
/i@#b2/X h2+?MB[m2b 7HHBM; BM i?2 }`bi +i2;Q`v //`2bb +QKTmiiBQMH +?HH2M;2b KQ/B7vBM;
Q` BMp2MiBM; /Bz2`2Mi H;Q`Bi?Kb- r?BH2 i?2 QM2b BM i?2 b2+QM/ +i2;Q`v `272` iQ  bmKK`v Q`
bm#b2i b2H2+iBQM Q7 i?2 /i (:wEy8)X AM i?2 7QHHQrBM; r2 rBHH #`B2~v ;Q BMiQ KQ`2 /2iBH M/
T`2b2Mi bQK2 i2+?MB[m2b 7Q` 2+? +i2;Q`vX q2 /2/B+i2  bT2+BH b2+iBQM iQ +M/B/i2 `2i`B2pH
r?B+? Bb QM2 7Q`K Q7  bKTHBM; bi`i2;v-  /i@#b2/ i2+?MB[m2X
 7DVNEDVHG 7HFKQLTXHV
hbF@#b2/ i2+?MB[m2b +M #2 bmKK`Bx2/ b i?2 KQ/B}+iBQM Q` BMp2MiBQM Q7 H;Q`Bi?Kb rBi?
i?2 ;QH iQ b+H2 mT i?2 +Hmbi2`BM; T`Q+2bb rBi?  TQbbB#H2 HQbb Q7 T`2+BbBQM M/ 2t+iM2bbX 6QHHQr@
BM; ;;`rH (;;yd)- bQK2 T`QiQivTB+H i2+?MB[m2b 7HHBM; BM i?Bb +i2;Q`v `2, TT`QtBKiBQM
H;Q`Bi?Kb- M/ H;Q`Bi?Kb mbBM; bHB/BM; rBM/Qrb M/ QmiTmi ;`MmH`BivX

&KDSWHU  )RXQGDWLRQV DQG 5HODWHG :RUN
TT`QtBKiBQM H;Q`Bi?Kb `2 H;Q`Bi?Kb /2bB;M2/ iQ bQHp2 LS@?`/ T`Q#H2Kb- b Bi Bb mMHBF2Hv
i?i i?2`2 `2 2{+B2Mi TQHvMQKBH@iBK2 2t+i H;Q`Bi?Kb bQHpBM; i?2b2 T`Q#H2Kb (oxyR)X h?2
`2bmHib 7`QK i?2b2 H;Q`Bi?Kb `2 TT`QtBKi2/ bQHmiBQMb rBi? 2``Q` #QmM/bX h?2 BK Bb iQ }M/
i H2bi QM2 bQHmiBQM i?i +QK2b +HQb2 iQ i?2 2t+i bQHmiBQM 7Q` T`Q#H2Kb i?i `2 Qi?2`rBb2 MQi
bQHp#H2 rBi?BM  +2`iBM iBK2 7`K2X >Qr2p2`- bm+? H;Q`Bi?Kb biBHH ?p2 T`Q#H2Kb iQ /Ti
i?2 `2bQm`+2b iQ i?2 /i `i2 (;;yd)- KFBM; i?2K MQi bmBi#H2 7Q` Qm` T`Q#H2KX
h?2 bHB/BM; rBM/Qr i2+?MB[m2b `2 QMHv  `M;2 Q7 /i BM  bT2+B}+ +Q``B/Q`X AM i?Bb +QMi2ti
Bi K2Mb i?i QMHv i?2 KQbi `2+2Mi bi`2K Bb mb2/ M/ MHvx2/X .QM; 2i HX (.QMYyj) M/
"#+Q+F 2i HX ("#Yyk) +HBK i?i QH/2` /i UQmibB/2 Q7 i?2 rBM/QrV `2 bmKK`Bx2/ p2`bBQMb
r?BH2 i?2 /2iBH2/ MHvbBb Bb QMHv /QM2 QM i?2 KQbi `2+2Mi /iX
h?2 H;Q`Bi?K QmiTmi ;`MmH`Biv ?b #22M T`QTQb2/ #v :#2` M/ um (:uye) BM  b2MbQ` /i
bi`2K b2iiBM;X h?2v +HBK i?i i?Bb Bb  7mHHv `2bQm`+2@r`2 /i MHvbBb TT`Q+? r?B+?
Bb +T#H2 iQ +QT2 rBi? ~m+imiBM; M/ ?B;? /i `i2bX h?2 H;Q`Bi?K K2bm`2b ?Qr KMv
`2bQm`+2b `2 pBH#H2 QM i?2 bvbi2K /QBM;  +Hmbi2`BM; M/ /Tib i?2 MmK#2` Q7 +Hmbi2` +2Mi2`bX
A7 i?2 `2bQm`+2b `2 2t?mbi2/-  `2@+Hmbi2`BM; Bb /QM2 bQ i?i i?2 MmK#2` Q7 +Hmbi2` +2Mi2`b Bb
HQr2`2/ HHQrBM; 7Q` 7m`i?2` +Hmbi2`BM;X
 'DWDEDVHG 7HFKQLTXHV
.i@#b2/ i2+?MB[m2b T`Q+2bb /i #v bmKK`BxBM; Q` b2H2+iBM; /i TQBMib- bQ i?i i?2 +Hmbi2`@
BM; H;Q`Bi?K Bib2H7 /Q2b MQi M22/ iQ ?M/H2 HH /i TQBMib #mi QMHv  bKHH2` T`2b2H2+i2/ bm#b2iX
*QKKQM TT`Q+?2b `2 bKTHBM;- HQ/ b?2//BM;- bF2i+?BM;- M/ #i+? T`Q+2bbBM; (;;yd)X
aKTHBM; Bb QM2 Q7 i?2 KQbi rB/2Hv mb2/ i2+?MB[m2 7Q` +?QQbBM;  bm#b2i Q7 /i iQ #2 T`Q+2bb2/X
JMv bi`i2;B2b `2 /Bb+mbb2/ #v am/KM (am/de)X AM +Hmbi2`BM; ibFb- `M/QK bKTHBM; T@
T`Q+?2b `2 Q7i2M mb2/- r?2`2  `M/QK +?QB+2 Bb K/2 iQ /2+B/2 B7  /i TQBMi Bb T`Q+2bb2/ Q`
MQiX AM KMv TT`Q+?2b M2r /i bKTH2b `2 `2i`B2p2/ mMiBH +QMp2`;2M+2 Bb `2+?2/X >Qr2p2`-
BM Qm` b2iiBM;  `M/QK bKTHBM; bi`i2;v Bb MQi /2bB`#H2 b i?2 b2H2+iBQM Q7 r2HH@+?Qb2M bKTH2b
Bb +`m+BH 7Q` Qm` ibFX q2 rBHH /Bb+mbb  bmBi#H2 bKTHBM; bi`i2;vě+M/B/i2 `2i`B2pHěBM
a2+iBQM jX8XjX
lbBM; HQ/ b?2//BM; i2+?MB[m2b-  b2[m2M+2 Q7 /i UmbmHHv v2i mMT`Q+2bb2/ imTH2bV Bb /`QTT2/ B7
i?2 bvbi2K +MMQi 7mH}HH i?2 /2KM/ rBi? Bib pBH#H2 `2bQm`+2bX "#+Q+F- .i`- M/ JQirMB
(".Jy9) MHvx2 r?2M  +QMi`QHH2/ HQ/ b?2//BM; b?QmH/ #2 T2`7Q`K2/ BM  /i bi`2K b2iiBM;-
?2HTBM; iQ `2/m+2 `2bQm`+2 +QMbmKTiBQM r?BH2 K2HBQ`iBM; `2bmHibX h?Bb `Bb2b i?2 [m2biBQM
r?2i?2` HQ/ b?2//BM; +M #2 /QM2 MQi QMHv `M/QKHv #mi ;mB/2/ #v i?2 BKTQ`iM+2 Q7 i?2
+QMi2MiX hi#mH 2i HX (hiYyj) T`QpB/2  TQbBiBp2 Mbr2` iQ i?i- b?QrBM; i?i i?Bb H2/b iQ QMHv
 KBMBKH /2;`/iBQM BM [mHBivX L2p2`i?2H2bb- HQ/ b?2//BM; Bb MQi M QTiBQM BM Qm` b+2M`BQ
2p2M B7 i?2`2 `2 bQK2 ;m`Mi22bX Ai Bb mM/2bB`2/ iQ bFBT /i TQBMib r?B+? `2 M2p2` T`Q+2bb2/
;BM- b i?2 }MH `2bmHi b2i rBHH #2 BM+QKTH2i2X
6QHHQrBM; "#+Q+F 2i HX ("#Yyk)- bF2i+?BM; `272`b iQ  bvMQTbBb Q7 i?2 /i r?B+? Bb ?2H/ BM
K2KQ`v BMbi2/ Q7 M 2t+i `2T`2b2MiiBQMX h?Bb F22Tb i?2 +QKTmiiBQMH iBK2 iQ T`Q+2bb 

 /DUJHVFDOH 3URFHVVLQJ DQG 6FDODELOLW\
/i Bi2K i  KBMBKmKX am+?  bF2i+? Q` bvMQTbBb +M #2 b22M b  bmKK`BxiBQM i2+?MB[m2
(:wEy8)X
"i+? T`Q+2bbBM; `272`b iQ  i2KTQ``v ++?BM; Q7 /i TQBMib iQ;2i?2` rBi? M ;;`2;iBQMX AM
bm+?  b+2M`BQ- /i Bb T`Q+2bb2/ BM irQ Tbb2bX AM i?2 }`bi Tbb- /i Bb T`2T`Q+2bb2/ mbBM;
M ;;`2;iBQM bi2T- T`Q/m+BM;  T`2HBKBM`v TT`QtBKiBQM Q7  +Hmbi2`BM; 7Q` i?2 i2KTQ``BHv
++?2/ Bi2KbX AM i?2 b2+QM/ bi2T- i?2 /i Bb T`Q+2bb2/ BM  #i+? KQ/2 `2bmHiBM; BM i?2 }MH
+Hmbi2`BM;X l`?M M/ 6`MFHBM (l6yy) T`2b2Mi sCQBM r?2`2 i?2v mb2  KBiB;i2/ p2`bBQM Q7 i?2
i2+?MB[m2 bQHpBM; i?2 T`Q#H2K Q7  iQQ ?B;? /i TQBMi `i2X >2 2i HX (>2YRy) b?Qr  bm++2bb7mH
BMi2;`iBQM Q7 i?2 #i+? T`Q+2bb BM  bi`2K /i T`Q+2bbBM;X >Qr2p2`- i?Bb i2+?MB[m2 +M #2
mb2/ QMHv B7 i?2 /i +M #2 T`Q+2bb2/ BM KQ`2 i?M QM TbbX
Ai Bb Q#pBQmb i?i HH T`2b2Mi2/ i2+?MB[m2b `2 HBF2Hv iQ T`Q/m+2  `2bmHi i?i Bb TT`QtBKiBp2c
i?2 T`2+BbBQM Q7  +Hmbi2`BM; rBHH i?mb MQi #2 Q7 RyyW ++m`+vX q?BH2 bQK2 TT`Q+?2b HBF2
HQ/ b?2//BM; bmz2` KQ`2 7`QK i?Bb 2z2+i- 7Q` Qi?2`b i?2 BKT+i Bb HQr2` UHBF2 #i+? T`Q+2bbBM;
r?2`2 M TT`QtBKiBQM +M #2 pQB/2/ B7 M BMi2`K2/Bi2 +Hmbi2`BM; Bb Q7 RyyW ++m`+vVX
 &DQGLGDWH 5HWULHYDO
JMv rQ`Fb- 7Q` 2tKTH2 :m?- _biQ;B- M/ a?BK (:_aN3)- b?Qr i?i QM2 `2bQM 7Q` b+H#BHBiv
Bbbm2b Bb i?2 MmK#2` Q7 +QKT`BbQMb iQ KF2X h?Bb ?b iQ #2 //`2bb2/ mbBM; bQK2 rv iQ HBKBi
i?2 iQiH MmK#2` Q7 i?2b2 +QKT`BbQMbX
*M/B/i2 `2i`B2pHěHbQ FMQrM b #HQ+FBM; Q` +M/B/i2 ;2M2`iBQMěBb QM2 TQbbB#H2 bKTHBM;
i2+?MB[m2 iQ KF2 biM/`/ K+?BM2 H2`MBM; TT`Q+?2b b+H#H2X Aib Q`B;BMb HB2 BM i?2 ibF Q7
`2+Q`/ HBMF;2- i?2 ibF iQ HBMF HH /i TQBMib BM  /i#b2 r?B+? b?`2 QM2 Q` KQ`2 2MiBiB2b
M/ i?mb b?QmH/ #2 K2`;2/X LQr/vb- i?Bb i2+?MB[m2 Bb MQi HBKBi2/ iQ `2+Q`/ HBMF;2 ibFb-
#mi i?2`2 `2  HQi Q7 }2H/b r?2`2 Bi +M #2 mb2/ iQ bT22/ mT `2i`B2pH T`Q+2bb2bX AM ;2M2`H- i?Bb
K2i?Q/ +M #2 mb27mH B7 i?2 MmK#2` Q7 /i TQBMib iQ #2 +QKT`2/ Bb iQQ ?B;?X 1p2M i?2 #2bi
H;Q`Bi?Kb ?p2  KtBKmK HBKBi Q7 TQbbB#H2 +QKT`BbQMbc 2Bi?2` i?Bb KB;?i #2 /m2 iQ K2KQ`v
Q` iBK2 +QMbi`BMib- Q` i?2`2 rBHH #2  TQBMi r?2`2 MQ KQ`2 +QKT`BbQMb `2 +QKTmiiBQMHHv
72bB#H2X SQi2MiBHHv- M/ i?Bb Bb i?2 +b2 BM KMv ibFb UBM+Hm/BM; Qm` TT`Q+?V- HH /i Bi2Kb
?p2 iQ #2 +QKT`2/ iQ HH Qi?2` /i Bi2Kb BM i?2 /ib2iX h?Bb K2Mb i?i i?2 MmK#2` Q7
+QKT`BbQMb ;`Qrb [m/`iB+HHv rBi? i?2 MmK#2` Q7 Bi2Kb iQ #2 +QKT`2/X
h?2 B/2 Q7 +M/B/i2 `2i`B2pH Bb iQ `2bi`B+i i?2 MmK#2` Q7 +QKT`BbQMb #v +?QQbBM;  bm#b2i
7Q` r?B+? i?2 +QKT`BbQMb `2 +QM/m+i2/X _2M/H2 M/ a+?KB/i@h?B2K2 (_ay3) b?Qr i?i mb@
BM; bm+?  bi2T BM/22/ KF2b TT`Q+?2b KQ`2 b+H#H2X lbBM; i?Bb i2+?MB[m2- i?2`2 `2 irQ
+`m+BH TQBMib r?B+? `2 BKTQ`iMi, BV i?2 bm#b2i Kmbi +Qp2` i?2 +Q``2+i Ki+?2b b ;QQ/ b
TQbbB#H2- M/ BBV Bi Bb /2bB`#H2 iQ i?`Qr rv b KMv MQM@Ki+?2b b TQbbB#H2X AM Q`/2` iQ
;BM T2`7Q`KM+2- i?2 +M/B/i2b `2 `2i`B2p2/ i i?2 #2;BMMBM; Q7 2+? +QKT`BbQM bi2TX h?Bb
2M#H2b mb iQ /Q i?2 `i?2` +QKTmiiBQMHHv 2tT2MbBp2 +QKT`BbQM QMHv QM i?Qb2 /i TQBMi
TB`b 7Q` r?B+? i?2 T`Q##BHBiv Q7  TQbBiBp2 Ki+? Bb ?B;?X h?2 Qp2`HH ;QH ?2`2 Bb iQ F22T
i?2 MmK#2` Q7 +QKT`BbQMb +QMbiMi- 2p2M i?Qm;? i?2 MmK#2` Q7 Bi2Kb iQ #2 +QKT`2/ ;`Qrb
+QMiBMmQmbHvX MQi?2` Tm`TQb2 Q7 +M/B/i2 `2i`B2pH Bb iQ BKT`Qp2 i?2 /i [mHBiv Bib2H7X h?2

&KDSWHU  )RXQGDWLRQV DQG 5HODWHG :RUN
+M/B/i2 `2i`B2pH bi2T Bb bKQQi?BM; i?2 /ib2i #v `2KQpBM; mMrMi2/ MQBb2 M/ TQi2MiBH
7Hb2 Ki+?2bX
AM Q`/2` iQ K2bm`2 i?2 BKT+i Q7 +M/B/i2 `2i`B2pH 1H72Fv- o2`vFBQb- M/ 1HK;`KB/ (1o1yk)
T`2b2Mi b2p2`H iQQHb r?B+? HHQr iQ K2bm`2 Q7 i?2 2z2+iBp2M2bb M/ ;BM Q7  +M/B/i2 `2i`B2pH
bi2TX h?2v T`QpB/2 /2}MBiBQMb 7Q` i?2 `2/m+iBQM `iBQ UT2`+2Mi Q7 +M/B/i2b r?B+? ?p2 #22M
`2KQp2/V- i?2 TB` +QKTH2i2M2bb U?Qr KMv `2H2pMi +M/B/i2b `2 BM+Hm/2/V M/ Qp2`HH ++m@
`+v U `iBQ +QK#BMBM; i?2 irQ Qi?2`bVX >pBM; i?2b2 K2bm`2b BM KBM/- r2 7QHHQr JB+?2HbQM
M/ EMQ#HQ+F (JEye) r?Q 7`K2 i?2 ;QH Q7 +M/B/i2 `2i`B2pH KQ`2 7Q`KHHv b  ?B;? `2/m+@
iBQM `iBQ iQ;2i?2` rBi?  ?B;? TB` +QKTH2i2M2bbX AM ;2M2`H- r2 /2bB`2 iQ `2+?  ?B;? ++m`+v
r?BH2 F22TBM; i?2 +QKTmiiBQMH +QKTH2tBiv HQrX
hFBM;  HQQF iQ i?2 }2H/ Q7 `2+Q`/ HBMF;2- "ti2`- *?`Bbi2M- M/ *?m`+?2b ("**yj) T`2b2Mi
M Qp2`pB2r Q7 7Qm` /Bz2`2Mi #HQ+FBM; bi`i2;B2b, #B;`K BM/2tBM;- +MQTv +Hmbi2`BM; rBi? h6@
A.6- bQ`i2/ M2B;?#Q`?QQ/ #HQ+FBM;- M/ i?2 bQ@+HH2/ i`/BiBQMH #HQ+FBM;X q?BH2 i?2 Hbi QM2
Bb QMHv `2H2pMi 7Q` `2+Q`/ HBMF;2- i?2 Qi?2`b `2 HbQ mb27mH BM Qm` b+2M`BQX AM rQ`F 7`QK
J+*HHmK- LB;K- M/ lM;` (JLlyy)- i?2 MmK#2` Q7 +M/B/i2b Bb HBKBi2/ mbBM; bQ@+HH2/
+MQTB2bX h?2b2 +MQTB2b `2 Qp2`HTTBM; bm#b2ib Q`B;BMiBM; 7`QK M 2{+B2Mi /BpBbBQM mbBM; 
+?2T /BbiM+2 K2bm`2X 1t+i /BbiM+2b `2 i?2M QMHv +H+mHi2/ 7Q` i?2 /i TQBMib HvBM;
rBi?BM  +MQTvX
b Qm` ibF Bb KQ`2 +QKTH2t #2+mb2 i?2 /i Bb Q`/2`b Q7 K;MBim/2 H`;2` r?2M mbBM; bQ+BH
K2/B /i- r2 M22/ T`iB+mH`Hv 2{+B2Mi i2+?MB[m2bX q2 i?mb ?p2 iQ /2bB;M  bT2+BH +M/B/i2
`2i`B2pH i2+?MB[m2 7Q` 2p2Mi B/2MiB}+iBQMX
 6WUHDP 'DWD
b /Bb+mbb2/ BM i?2 T`2pBQmb b2+iBQMb- H`;2@b+H2 /ib2ib `2 +?HH2M;BM; iQ T`Q+2bbX ai`2K
/i Bb M Q`/2`2/ b2[m2M+2 Q7 /i r?B+? ;`Qrb +QMiBMmQmbHvc i?Bb ivT2 Q7 /i Bb i?mb iQ #2
b22M b H`;2@b+H2X b i?2 /i TQBMib ?p2  }t2/ +?`QMQHQ;B+H Q`/2`-  7`22 `M/QK ++2bb
iQ i?2 /i Bb MQi TQbbB#H2X h?2 /i bBx2 Bb mMHBKBi2/ M/ MQi HH ?BbiQ`B+H /i KB;?i #2
pBH#H2X
aQK2 mi?Q`b HBF2 oH+?Qb 2i HX (oHYy9) M/ "2+F2`- LKM- M/ :`pMQ ("L:yN) ++?2 
/i bi`2K iQ T`Q+2bb Bi B;MQ`BM; i?2 iBK2Hv@Q`/2`2/ KMM2` Q7 i?2 /iX h?Bb +M #2 b22M b
 b?B7i Q7 i?2 T`Q#H2K iQ  MQ`KH H`;2@b+H2 +Hmbi2`BM; T`Q#H2KX q?BH2 i?Bb HHQrb 7Q` `M/QK
++2bb iQ i?2 /i M/ i?2 mb2 Q7 +HbbB+H /i KBMBM; H;Q`Bi?Kb- i?2`2 Bb  #B; /Bb/pMi;2,
i?2 +Hmbi2`BM; Bb MQi pBH#H2 BMbiMiHv M/ i?2 Hi2bi /i TQBMib `2 KBbbBM; b M2r /i
TQBMib ``Bp2 +QMiBMmQmbHvX .2T2M/BM; QM i?2 BMi2M/2/ Tm`TQb2- i?Bb +M #2 #Qi?2`bQK2 M/
i?2 +Hmbi2`BM; KB;?i #2 pBH#H2 iQQ Hi2X AM //BiBQM- i?2b2 TT`Q+?2b /Q MQi /2H rBi? i?2
T`Q#H2K Q7 mMHBKBi2/ H2M;i? Q7 i?2 bi`2K M/ i?2 K2KQ`v }iiBM; T`Q#H2KX
STF M/ HHM (SN3) M/ :m? 2i HX (:m?Yyy) r2`2 QM2 Q7 i?2 }`bi iQ T`2b2Mi +Hmbi2`BM;
H;Q`Bi?Kb iQ #2 TTHB2/ /B`2+iHv QM bi`2K /iX q?BH2 :m? 2i HX (:m?Yyy) T`2b2Mi M
H;Q`Bi?K r?B+? mb2b KQ`2 i?M QM2 bBM;H2 Tbb- STF M/ HHM (SN3) bi`B+iHv /?2`2 iQ 
bBM;H2 Tbb +Hmbi2`BM; iQ;2i?2` rBi?  +HbbB}+iBQM /2+BbBQM 7Q` M2r 2p2Mib i i?2 KQK2Mi Q7

 1HZ (YHQW 'HWHFWLRQ
i?2B` TT2`M+2X ;;`rH 2i HX (;;Yy9) mb2  +QKT`#H2 TT`Q+? r?2`2 i?2v +`2i2 
+HbbB}+iBQM bvbi2K BM r?B+? M /TiiBQM Q7 i?2 i`BMBM; KQ/2H iQ i?2 +?M;2b +mb2/ #v
+QM+2Ti@2pQHmiBQM Bb TQbbB#H2X h?Bb Bb +?B2p2/ #v  `2;mH` M/ miQKiB+ `2i`BMBM; Q7 i?2
KQ/2H mbBM; M2r2` /iX JQ`2 `2+2Mi rQ`F 7`QK Jbm/ 2i HX (JbYRR) ;Q2b BMiQ i?2 bK2
/B`2+iBQMX h?2v T`2b2Mi M H;Q`Bi?K r?B+? //`2bb2b i?2 bK2 Bbbm2bX q?BH2 ;;`rH 2i HX
(;;Yy9) M22/  /2Hv iQ B/2MiB7v i?2 +QM+2Ti@2pQHmiBQM- i?Bb Bb rQ`FBM; BMbiMiHv BM i?2 KQ`2
`2+2Mi rQ`F #v Jbm/ 2i HX (JbYRR)X
 1HZ (YHQW 'HWHFWLRQ
h?2 M2r 2p2Mi /2i2+iBQM T`Q#H2K +QMbBbib Q7 /2i2+iBM; i?2 TT2`M+2 Q7  M2r 2p2Mi BM 
/ib2i Q7 2p2Mi@`2Hi2/ /i TQBMibX h?Bb K2Mb i?i /i TQBMib r?B+? /Q MQi #2HQM; iQ Mv
2p2Mi +Hmbi2` b22M bQ 7` ?p2 iQ #2 B/2MiB}2/X
PM2 Q7 i?2 }`bi K2MiBQMb Q7 i?2 M2r 2p2Mi /2i2+iBQM T`Q#H2K BM i?2 HBi2`im`2 rb BM i?2
iQTB+ /2i2+iBQM M/ i`+FBM; Uh.hV ibF (HHYN3)- r?2`2 Bi rb +HH2/ }`bi biQ`v /2i2+iBQMX Ai
+M #2 b22M b i?2 T`Q#H2K Q7 /2i2+iBM; QmiHB2`b Q` MQKHB2b BM i?2 /i bi`2KX h?2 BK
i?mb Bb iQ /2i2+i M #MQ`KH #2?pBQ` BM i?2 /i- BX 2X i?i i?2 +?`+i2`BbiB+b Q7 i?2 /i
TQBMi /2pBi2b bB;MB}+MiHv 7`QK i?2 `2;mH`BiB2b Q7 HH Qi?2` /i TQBMibX PmiHB2` M/ MQKHv
/2i2+iBQM Bb BKTQ`iMi BM i?2 }2H/ Q7 BMi`mbBQM /2i2+iBQM- 7`m/ /2i2+iBQM- `Q#mbiM2bb MHvbBb
Q7 M2irQ`F bvbi2Kb- b r2HH b Qi?2` /i KBMBM; TTHB+iBQMb M/ ?b #22M bim/B2/ rB/2HvX
.Bz2`2Mi TT`Q+?2b ?p2 #22M T`QTQb2/ iQ bQHp2 i?Bb T`Q#H2K- KQM; i?2K BV biiBbiB+H- BBV
mMbmT2`pBb2/ Q` +Hmbi2`BM;@#b2/- M/ BBBV bmT2`pBb2/ Q` +HbbB}+iBQM@#b2/ TT`Q+?2bX
AM Qp2`pB2r TT2`b 7`QK J`FQm M/ aBM;? (Jayj) (Jayj#)- *?M/QH- "M2`D22- M/ Em@
K` (*"EyN) M/ >Q/;2 M/ mbiBM (>y9)- /Bz2`2Mi TT`Q+?2b M/ H;Q`Bi?Kb 7Q` MQp2Hiv
/2i2+iBQM M/ QmiHB2`fMQKHv /2i2+iBQM `2 /Bb+mbb2/X h?2 mi?Q`b b?Qr i?i Bi Bb MQi  r2HH@
7Q`KmHi2/ T`Q#H2K M/ KMv `2b2`+?2`b i+FH2 Bi rBi? /Bz2`2Mi TT`Q+?2b /2T2M/BM; QM i?2
ivT2 Q7 /iX h?2 mi?Q`b ;`22 QM i?`22 ivT2b Q7 QmiHB2` /2i2+iBQM T`Q#H2Kb Ub22 2bT2+BHHv
>Q/;2 M/ mbiBM (>y9)V,
Ç hvT2 R Bb i?2 ibF iQ /2i2`KBM2 QmiHB2`b rBi?Qmi T`BQ` FMQrH2/;2 Q7 i?2 /iX h?Bb
+Q``2bTQM/b iQ M mMbmT2`pBb2/ +Hmbi2`BM;X
Ç hvT2 k KQ/2Hb #Qi? MQ`KHBiv M/ i?2 QmiHB2`X h?Bb +M #2 b22M b bmT2`pBb2/ +HbbB}+@
iBQMX
Ç hvT2 j Dmbi KQ/2Hb MQ`KHBivX h?Bb Bb 2[mH iQ  b2KB@bmT2`pBb2/ +Hmbi2`BM;X
AM i?2 7QHHQrBM; b2+iBQMb r2 bm`p2v /Bz2`2Mi TT`Q+?2b 7Q` QmiHB2` /2i2+iBQM ++Q`/BM; iQ i?2b2
i?`22 KBM ivT2b Q7 TT`Q+?2bX

&KDSWHU  )RXQGDWLRQV DQG 5HODWHG :RUN
 6WDWLVWLFDO $SSURDFKHV
AMBiBHHv- i?2 QmiHB2` /2i2+iBQM T`Q#H2K +K2 mT BM biiBbiB+bX h?2 TT`Q+?2b ?2`2 +M #2 /BpB/2/
BMiQ T`K2i`B+ M/ MQM@T`K2i`B+ QM2bX S`K2i`B+ i2+?MB[m2b `2Hv QM biM/`/ biiBbiB+H
i2bib bm+? b :`m##Ƕb i2bi- i?2 i@i2bi- M/ χ2X H`2/v BM RNeN- :`m##b (:`meN) `2TQ`i2/
T`Q+2/m`2b 7Q` /2i2+iBM; QmiHvBM; Q#b2`piBQMb BM bKTH2bX >2 HbQ rb i?2 }`bi iQ T`QpB/2 
/2}MBiBQM Q7 M QmiHB2` r?B+? ?2 7Q`KmHi2/ b 7QHHQrb, ǳM QmiHvBM; Q#b2`piBQM- Q` QmiHB2`- Bb
QM2 i?i TT2`b iQ /2pBi2 K`F2/Hv 7`QK Qi?2` K2K#2`b Q7 i?2 bKTH2 BM r?B+? Bi Q++m`bǴX
;;`rH M/ um (uyR) T`2b2Mi M QmiHB2` /2i2+iBQM K2i?Q/ BM ?B;?@/BK2MbBQMH /i #b2/
QM :`m##Ƕb T`Q+2/m`2bX q?BH2 am`+2- qQ`/2M- 2i HX (aYN3) T`2b2Mi rQ`F M MQp2Hiv /2i2+iBQM
mbBM; i?2 i@i2bi- u2 M/ *?2M (u*yR) T`QTQb2 i?2 mb;2 Q7 χ2 biiBbiB+b iQ +?2+F r?2i?2` 
M2r /i TQBMi BM/22/ bi2Kb 7`QK i?2 i`BMBM; /Bbi`B#miBQM Q` MQiX LQM@T`K2i`B+ TT`Q+?2b
`2- 7Q` 2tKTH2- ?BbiQ;`K@#b2/ i2+?MB[m2bX h?2v /Q MQi KF2 bi`QM; bbmKTiBQMb #Qmi i?2
/Bbi`B#miBQM Q` /2MbBiv Q7 i?2 /iX 1tKTH2b 7Q` ?BbiQ;`K@#b2/ i2+?MB[m2b KBMiBMBM; 
T`Q}H2 Q7 i?2 MQ`KH /i ?p2 #22M TTHB2/ BM rQ`F #v 1bFBM (1bFyy) M/ 6r+2ii M/ S`QpQbi
(6SNN)X
 8QVXSHUYLVHG $SSURDFKHV
PmiHB2`b +M HbQ #2 7QmM/ b  #v@T`Q/m+i Q7 M mMbmT2`pBb2/ +Hmbi2`BM; H;Q`Bi?KX >2`2- Bi
Bb bbmK2/ i?i ǳMQ`KHǴ /i TQBMib #2HQM; iQ  +Hmbi2` r?BH2 QmiHB2`b `2 /i TQBMib r?B+?
r2`2 MQi bbB;M2/ iQ Mv Q7 i?2 +Hmbi2`b (:_aN3c w_GNec 1biYNe)X lbmHHv- B7 i?2 QmiHB2`b `2
MQi bbB;M2/ iQ Mv +Hmbi2`- i?2v `2 +QMbB/2`2/ b MQBb2X >Qr2p2`- BM KMv ibFb QmiHB2`b `2
pHm#H2 BM7Q`KiBQM- b Bi KB;?i BM/B+i2  +?M;2 Q7 +QM+2Ti bm+? b i?2 BMi`Q/m+iBQM Q7  M2r
2p2MiX
JMv +Hmbi2`BM;@#b2/ TT`Q+?2b ii2KTi iQ /Bb+Qp2` HQr@/2MbBiv `2;BQMb BM i?2 /i bT+2-
bbmKBM; i?i QmiHB2`b #2HQM; iQ  +Hmbi2` rBi?  /2MbBiv #2HQr  +2`iBM i?`2b?QH/X am+?
TT`Q+?2b `2 ivTB+HHv +HH2/ /2MbBiv@#b2/X qQ`F T`2b2Mi2/ BM i?Bb `2 Bb 2X ;X #v ;;`rH
M/ um (uy3)- r?Q mb2  T`Q##BHBiv Q7 T`2b2M+2 Q7  mM+2`iBM /i TQBMi BM  bT`b2 `2;BQM
iQ /2i2`KBM2 QmiHB2`bX  bBKBH` TT`Q+? mbBM;  HQ+H QmiHB2` 7+iQ` ?b #22M BMi`Q/m+2/ #v
"`2mMB; 2i HX ("`2Yyy)X JFFQM2M (JFyj) mb2b ?B2``+?B2b iQ i`+F 2p2Mi 2pQHmiBQMb M/ B7
i?2 /2MbBiv Bb iQQ HQr- i?2 /2i2+iBQM Q7  M2r 2p2Mi Bb bbmK2/X 6`2[m2Mi Bi2K b2i KBMBM; ?b
HbQ #22M TTHB2/ iQ /2i2+i MQ`KH Tii2`Mb BM i`BMBM; /i- `2;`/BM; HH i?Qb2 /i TQBMib b
QmiHB2`b i?i /Q MQi }i i?2 7`2[m2Mi Bi2K b2i Tii2`Mb ("G*yk)X
JQbi Q7 i?2 +Bi2/ rQ`Fb ?p2 BM +QKKQM i?i HH QmiHB2`b +M #2 /2i2+i2/ QMHv 7i2` i?2 r?QH2
/ib2i ?b #22M b22Mc i?2b2 `2 i?mb MQi TTHB+#H2 BM  bi`2K /i b2iiBM;X "mi- Qi?2`
mi?Q`b ?p2 T`QTQb2/ QMHBM2 K2i?Q/b M/ TTHB2/ i?2K iQ b2[m2M+2 /i ("uyRc "m/Yye)X b
b?QrM #v HHM 2i HX (HHYN3) 7Q` i?2 iQTB+ /2i2+iBQM M/ i`+FBM; ibF- M2r 2p2Mi /2i2+iBQM Bb
T`iB+mH`Hv BMi2`2biBM; BM i?2 b+QT2 Q7 i2KTQ`H bi`2K /iX q2 ;`22 rBi? HHM 2i HX i?i
i?2 BK Bb iQ /2i2+i i?2 }`bi TT2`M+2 Q7  M2r 2p2Mi BM  /i bi`2KX AM i?Bb +QMi2ti- i?2
``BpH Q7  M2r 2p2Mi +M #2 /2MQi2/ b +QM+2Ti 2pQHmiBQM- b i?2 +QM+2Ti Q7 i?2 M2r /i
TQBMi Bb /Bz2`2Mi 7`QK i?2 QM2b BM i?2 TbiX *QKKQMHv- i?2 i2+?MB[m2b mb2/ ?2`2 rQ`F rBi?BM
bBM;H2@Tbb b2iiBM;bX

 1HZ (YHQW 'HWHFWLRQ
Pi?2` TT`Q+?2b `2Hv QM /BbiM+2@#b2/ +`Bi2`B (ELN3c __ayyc o:y9)X STF M/ HHM
(SN3) T`QTQb2 iQ mb2  i?`2b?QH/ KQ/2H i?i BM+Q`TQ`i2b iBK2 /BbiM+2b BM Q`/2` iQ /2+B/2
QM  M2r 2p2MiX EMQ`` M/ L; (ELN3) /2}M2 M QmiHB2` b 7QHHQrb, ǳ() TQBMi p BM  /i b2i
Bb M QmiHB2` rBi? `2bT2+i iQ i?2 T`K2i2`b k M/ λ- B7 MQ KQ`2 i?M k TQBMib BM i?2 /i b2i
`2 i  /BbiM+2 λ Q` H2bb 7`QK pǴX h?i i?Bb TT`Q+? `2[mB`2b λ iQ #2 +?Qb2M KMmHHv +M
#2 T`Q#H2KiB+ BM i?2 b2Mb2 i?i B7 i?2 pHm2 Bb +?Qb2M iQ H`;2 Q` bKHH- iQQ 72r Q` iQQ KMv
/i TQBMib `2 +QMbB/2`2/ b M QmiHB2`X L2r2` TT`Q+?2b HBF2 i?2 QM2 7`QK E`B2;2H- a+?m#2`i-
M/ wBK2F (Eawy3) mb2  /Bz2`2Mi bi`i2;v iQ Qp2`+QK2 i?Bb T`Q#H2K- mbBM; M M;H2@#b2/
TT`Q+? rBi? i?2 bB/2 #2M2}i Q7  #2ii2` b+H#BHBiv M/ T2`7Q`KM+2X Pi?2`b T`QTQb2 /Bz2`2Mi
bQHmiBQMb- 7Q` 2tKTH2- ;;`rH M/ um (uy8) mb2  HQr2`@/BK2MbBQMH T`QD2+iBQM- r?BH2 :Q
2i HX (:QYRy) T`QTQb2  ;2M2`iBp2 KBtim`2 KQ/2HX Jbm/ 2i HX (JbYRy) BMp2biB;i2/ /i
bi`2Kb BM  /vMKB+ 72im`2 bT+2- BMi`Q/m+BM; .sJBM2` r?B+? mb2b  bHB/BM; rBM/QrX
 6XSHUYLVHG $SSURDFKHV
amT2`pBb2/ Q` +HbbB}+iBQM@#b2/ TT`Q+?2b mb2 /Bb+`BKBMiBp2 i2+?MB[m2b iQ b2T`i2 HQr@
/2MbBiv 7`QK ?B;?@/2MbBiv `2;BQMb BM i?2 /ib2iX h?2 TT`Q+?2b BM i?Bb `2 ?p2 BM +QKKQM
i?i BMi2;`iBM;  M2r 2p2Mi /2i2+iBQM K2+?MBbK BMiQ i`/BiBQMH +HbbB}2`b 2M/b mT BM  bmT2`@
pBb2/ +Hmbi2`BM; b2iiBM;X 1tKTH2b BM i?2 }2H/ Q7 M2rb i2ti +HbbB}+iBQM +M #2 rB/2Hv 7QmM/
BM i?2 HBi2`im`2X 6Q` 2tKTH2- i?2`2 `2 TT`Q+?2b i?i TTHv aoJb- L2m`H L2irQ`Fb- M/
"v2bBM L2irQ`Fb BM i?Bb +QMi2ti (*"EyN)X
_ib+? 2i HX (_iYyk) +QMbB/2` i?2 T`Q#H2K Q7 QmiHB2` /2i2+iBQM b  QM2@+Hbb H2`MBM; T`Q#H2KX
h?2v mb2 `/BH #bBb 7mM+iBQM U_"6V F2`M2Hb iQ /2}M2 +QKTH2t `2;BQMb i?i +QMiBM i?2 i`BMBM;
/i BMbiM+2bX 6Q` 2+? i2bi /i BMbiM+2- Bi Bb /2i2`KBM2/ B7 i?2 BMbiM+2 7HHb BMiQ i?Bb `2;BQM-
`2;`/BM; Bi b M QmiHB2` B7 Bi /Q2b MQiX qQ`F #v .pv 2i HX (.pYye) ;Q2b BMiQ i?2 bK2
/B`2+iBQMc i?2v b?Qr  bm++2bb7mH TTHB+iBQM Q7  amTTQ`i o2+iQ` J+?BM2 iQ i?2 T`Q#H2K Q7
/2i2+iBM; #MQ`KH 2p2MibX AM +QMi`bi iQ _ib+? 2i HX- i?2v /Q MQi `2Hv QM QMHv QM2 +HbbX
Pi?2` TT`Q+?2b 7Q` /2i2+iBM; MQp2HiB2b mb2 L2m`H L2irQ`FbX AM Q`/2` iQ /2i2`KBM2 r?2i?2` 
/i TQBMi Bb M QmiHB2`- i?2v i2bi r?2i?2` i?2 /i TQBMi Bb ++2Ti2/ #v i?2 M2irQ`F b M BMTmi
Q` MQiX A7 Bi Bb MQi ++2Ti2/- Bi Bb `2;`/2/ b M QmiHB2` (Jayj#)X M TT`Q+? +HH2/ GQM;@i2`K
.2T`2bbMi aPJR UGh.V rb T`2b2Mi2/ #v h?2Q}HQm- ai2m#2`- M/ a+?mii2` (haayj)X >2`2- i?2
r2B;?i p2+iQ`b Q7 i?2 +2HHb BM i?2 KT #2+QK2 KQ`2 M/ KQ`2 /BbbBKBH` iQ i?2 b22M i`BMBM;
BMbiM+2 Qp2` iBK2X h?2 Gh.@HBF2 aPJ rQ`Fb /Bz2`2MiHv 7`QK i?2 +HbbB+ EQ?QM2M M2irQ`FX
AMbi2/ Q7  KQp2K2Mi Q7 i?2 r2B;?i p2+iQ`b +HQb2` iQ i?2 BMTmi /Bbi`B#miBQM- i?2 r2B;?i KQp2b
rv 7`QK BiX L2rHv ``BpBM; /i TQBMib r?B+? `2 +HQb2 iQ i?2b2 r2B;?i p2+iQ`b `2 `2;`/2/
b QmiHB2`b BM i?2 Gh.@HBF2 aPJX
EmK`M M/ HHM (Ey9) b r2HH b w?M;- wB- M/ qm (wwqyd) i+FH2 i?2 T`Q#H2K Q7 M2r
2p2Mi /2i2+iBQM BM i?2 bK2 +QMi2ti b T`QTQb2/ BM i?2 iQTB+ /2i2+iBQM M/ i`+FBM; T`Q;`K
(HHYN3)X EmK`M M/ HHM 2tT2`BK2Mi rBi? i?2 `2T`2b2MiiBQM Q7 i?2 /i BM i?2 p2+iQ`@
bT+2 KQ/2H BMi`Q/m+BM; MK2/ 2MiBiB2bX h?2 TT`Q+? 7`QK w?M;- wB- M/ qm Bb HbQ #b2/
Ra2H7@Q`;MBxBM; KT

&KDSWHU  )RXQGDWLRQV DQG 5HODWHG :RUN
QM MK2/ 2MiBiB2b M/ bBKBH`Hv mb2b BM/2tBM;@i`22b 7Q`  7bi2` `2i`B2pHX h?Bb Bb i?2 }`bi
TT`Q+? 7Q+mbBM; QM b+H#BHBivX
 (YHQW ,GHQWLILFDWLRQ DQG 'HWHFWLRQ
AM `2+2Mi v2`b-  HQi Q7 `2b2`+? ?b #22M +QM/m+i2/ BM i?2 }2H/ Q7 2p2Mi B/2MiB}+iBQM M/
/2i2+iBQM mbBM; i?2 i2+?MB[m2b /Bb+mbb2/ BM i?2 T`2pBQmb b2+iBQMbX 1p2Mi B/2MiB}+iBQM M/
/2i2+iBQM +QKT`Bb2b b2p2`H T`Q+2/m`2b rBi? /Bz2`2Mi Q#D2+iBp2bX q2 rBHH /Bb+mbb i?2 /Bz2`2Mi
Q#D2+iBp2b }`bi,
URV 1p2Mi A/2MiB}+iBQM, 1p2Mi B/2MiB}+iBQM Bb i?2 T`Q+2bb Q7 B/2MiB7vBM; B7 M 2p2Mi Q++m`bX
q2 mb2 i?Bb i2`K iQ /2MQi2 i?2 ibF Q7 /BbiBM;mBb?BM; /Q+mK2Mib `2T`2b2MiBM; M 2p2Mi
7`QK i?Qb2 i?i /Q MQiX
UkV 1p2Mi *i2;Q`v .2i2+iBQM, h?2 BK Q7 2p2Mi +i2;Q`v /2i2+iBQM Bb iQ +i2;Q`Bx2 /Q+mK2Mib
BMiQ ;2M2`H 2p2Mi +i2;Q`B2b- HBF2 ǳbQ++2` Ki+?Ǵ Q` ǳ72biBpHǴ- r?B+? `2 T`i Q7  itQM@
QKvX
UjV 1p2Mi .2i2+iBQM, AM 2p2Mi /2i2+iBQM- /Q+mK2Mib B/2MiB}2/ iQ `2T`2b2Mi bQK2 2p2Mi `2 iQ
#2 +HbbB}2/ BMiQ bT2+B}+ 2p2MibX h?2 /Bz2`2M+2 #2ir22M 2p2Mi +i2;Q`v /2i2+iBQM M/
2p2Mi /2i2+iBQM Bb i?i BM i?2 Hii2` +QMi2ti i?2 2p2Mi BMbiM+2b `2 mMB[m2 M/ bT2+B}+
HBF2 ǳbQ++2` Ki+? #2ir22M _mbbB M/ CTM BM J`+? kyRyǴ Q` ǳ:`2i P+2M 62biBpH
kyRjǴX
AM i?2 HBi2`im`2- i?2 i2`Kb `2 Q7i2M mb2/ BMi2`+?M;2#HvX hQ Qm` FMQrH2/;2- i?2 i2`K 2p2Mi
B/2MiB}+iBQM ?b HbQ #22M mb2/ iQ /2b+`B#2 i?2 Q#D2+iBp2 URV M/ UjVX AM i?2 7QHHQrBM; r2
mb2 i?2 #Qp2 /2}M2/ MQiBQMb iQ +H2`Hv /BbiBM;mBb? #2ir22M i?2 TT`Q+?2bX h?2 TT`Q+?
T`2b2Mi2/ BM i?Bb /Bbb2`iiBQM BKb iQ /2i2+i bT2+B}+ 2p2Mib M/ i?2`27Q`2 +H2`Hv //`2bb2b i?2
i?B`/ Q#D2+iBp2ě2p2Mi /2i2+iBQMX
1`HB2`- 2p2Mi B/2MiB}+iBQM M/ /2i2+iBQM ?b #22M /QM2 #v ?M/ Q` rBi? p2`v bBKTH2 H;Q`Bi?KbX
 bvbi2K #v a`pb 2i HX (a`Yy9) +HH2/ JQ#a?`2 HHQr2/  KMmH bbB;MK2Mi Q7 BK;2
7QH/2`b 7`QK 7`B2M/b iQ QM2 2p2Mi- #mi i?2 +`2iBQM M/ B/2MiB}+iBQM Q7 i?2 2p2Mib b r2HH b
i?2 K2`;BM; T`Q+2bb r2`2 +QKTH2i2Hv KMmHX JMv Ub2KB@VmiQKiB+ TT`Q+?2b mb2 i2KTQ`H
BM7Q`KiBQM 7Q` 2p2Mi /2i2+iBQM- 2X ;X 7Q` +Hmbi2`BM;  /B;BiH T?QiQ +QHH2+iBQM (*QQYy8c :`Yyk)X
h?2 2zQ`i BMpQHp2/ BM i?2b2 TT`Q+?2b Bb p2`v /Bz2`2MiX PM2 mb2b bBKTH2 +mib i?`Qm;? 
T`2/2}M2/ iBK2 i?`2b?QH/- 2X ;X TTH2 BS?QiQ-  TQTmH` T?QiQ KM;BM; TTHB+iBQM- HHQrb iQ
miQKiB+HHv +mi T?QiQ +QHH2+iBQM BMiQ bHB+2b Q7 k- 3- k9 ?Qm`b- Q`  r22FX h?2 Qi?2` mb2b /Bz2`2Mi
FBM/ Q7 mMbmT2`pBb2/ M/ bmT2`pBb2/ +Hmbi2`BM; TT`Q+?2b Ub22 *QQT2` 2i HX (*QQYy8)VX Ai ?b
#22M b?QrM i?i i?2 bQH2 mb2 Q7 i2KTQ`H BM7Q`KiBQM rQ`Fb [mBi2 r2HH 7Q` bBM;H2@mb2` TTHB+iBQMbX
++Q`/BM; iQ *QQT2` 2i HX (*QQYy8)- i?2 6@K2bm`2 7Q`  "v2b BM7Q`KiBQM +`Bi2`BQM@#b2/
#QmM/`v b2H2+iBQM Bb p2`v ?B;? mbBM; irQ /Bz2`2Mi /ib2ibX h?2v HbQ b?Qr i?i i?2 bK2
TTHB2b 7Q`  bBKTH2 iBK2 i?`2b?QH/ U#2BM; i?2 #2bi BM QM2 /ib2iVX `;m#Hv- i?2 mb2 Q7 QMHv
i?2 i2KTQ`H 72im`2 rQmH/ MQi rQ`F bm{+B2MiHv r2HH mbBM; bQ+BH K2/B +QMi2Mi b?`2/ #v  HQi

 (YHQW ,GHQWLƓFDWLRQ DQG 'HWHFWLRQ
Q7 T2QTH2X L2p2`i?2H2bb- i?2b2 }M/BM;b `2  #bBb 7Q` Qm` KmHiB@Tbb +Hmbi2`BM; TT`Q+? Ub22
S`i AAAVX
aQ+BH K2/B +QMi2Mi ?b `2+2Bp2/  HQi Q7 ii2MiBQM BM i?2 Tbi v2`bX aBM+2 KMv /Q+mK2Mib
BM i?Bb `2 `2T`2b2Mi bQK2 ivT2 Q7 2p2Mi- Bi Bb 2bT2+BHHv BMi2`2biBM; iQ /Q 2p2Mi B/2MiB}+iBQM
M/ /2i2+iBQM rBi? i?Bb ivT2 Q7 /iX S`2pBQmb rQ`F ?b H`2/v #22M b?QrM iQ #`BM; Q`/2`
iQ bQ+BH K2/B /iX aBM+2 kyRR- b T`i Q7 i?2 J2/B1pH #2M+?K`F- M BMBiBiBp2 /2/B+i2/
iQ 2pHmiBM; M2r H;Q`Bi?Kb 7Q` KmHiBK2/B ++2bb M/ `2i`B2pH- i?2`2 Bb  +?HH2M;2 +HH2/
aQ+BH 1p2Mi .2i2+iBQM Ua1.V `2[mB`BM; T`iB+BTMib iQ /Bb+Qp2` 2p2Mi@`2Hi2/ KmHiBK2/BX Pp2`
i?2 v2`b- i?2 +?HH2M;2b /2Hi rBi? /Bz2`2Mi FBM/b Q7 2p2Mi B/2MiB}+iBQM M/ /2i2+iBQM ibFb
(S2iYR9)X q?BH2 BM kyRR M/ kyRk i?2 7Q+mb rb KBMHv QM 2p2Mi +i2;Q`v /2i2+iBQM- Bi BM+Hm/2b
/Bz2`2Mi ibFb 7Q` HH i?`22 /Bz2`2Mi 2p2Mi B/2MiB}+iBQM M/ /2i2+iBQM Q#D2+iBp2b bBM+2 kyRjX
AM i?2 }2H/ Q7 2p2Mi B/2MiB}+iBQM- b2p2`H ii2KTib ?p2 #22M K/2 iQ /2+B/2 r?2i?2`  bQ+BH
K2/B /Q+mK2Mi Bb bbQ+Bi2/ rBi? M 2p2Mi Q` MQiX _2b2`+? BM i?Bb `2 Bb HbQ FMQrM mM/2`
i?2 MK2 #m`bi /2i2+iBQM (>*Gyd)X *?2M M/ _Qv (*_yN)- 7Q` 2tKTH2- T`2b2Mi M TT`Q+?
r?B+? Bb #H2 iQ /BbiBM;mBb? #2ir22M T2`BQ/B+ M/ T2`BQ/B+ 2p2MibX AM i?i b2Mb2- i?2B` rQ`F
Bb `2Hi2/ iQ i?2 QM2 #v _ii2M#m`v- :QQ/- M/ LKM (_:Lyd)- r?Q T`2b2Mi  K2i?Q/
+HH2/ ǳa+H2@bi`m+im`2 A/2MiB}+iBQM UaaAVǴX h?2v `2 #H2 iQ TTHv i?2 K2i?Q/ iQ B/2MiB7v i;b
`2T`2b2MiBM; 2p2Mib b r2HH b TH+2bX AM KQ`2 `2+2Mi rQ`F- _ii2M#m`v M/ LKM (_LyN)
T`2b2Mi M ii2KTi iQ H2`M  +HbbB}2` i?i /BbiBM;mBb?2b MQi QMHv 2p2Mib M/ TH+2b #mi HbQ
bQ+BH K2/B /Q+mK2Mib 7`QK 6HB+F` `2T`2b2MiBM; M 2p2Mi M/ /Q+mK2Mib i?i /Q MQiX 6B`M
2i HX (6B`YRy) mb2 /Bz2`2Mi LBp2 "v2b +HbbB}2`b iQ /2+B/2 r?2i?2` M BK;2 Bb bbQ+Bi2/ rBi?
M 2p2Mi Q` MQiX Pi?2`b T`QTQb2/ iQ mb2 rp2H2i@#b2/ /2i2+iBQM K2i?Q/b iQ B/2MiB7v 2p2Mib QM
hrBii2` (qGRR)X h?2 `2bmHib Q7 HH i?2b2 TT`Q+?2b b?Qr i?i BKT`Qp2K2Mib `2 biBHH M2+2bb`v-
b i?2 /2i2+iBQM 2Bi?2` rQ`Fb QMHv 7Q` bKHH /QKBMb Q` i?2`2 Bb  H`;2 TQ`iBQM Q7 KBb+HbbB}2/
/Q+mK2MibX AM i?2 a1. kyRj +?HH2M;2- i?2`2 r2`2 #2ii2` TT`Q+?2b mbBM; KBMHv amTTQ`i
o2+iQ` J+?BM2b b +HbbB}2`X PM2 TT`Q+? `2+?2/  /2+2Mi `2bmHi #v 2KTHQvBM;  p2`v `B+?
b2i Q7 i2timH 72im`2b iQ;2i?2` rBi?  b2i Q7 QMiQHQ;B+H 72im`2b (L;mYRj)X
 }`bi TT`Q+? iQ +Hmbi2` /Q+mK2Mib 7`QK 6HB+F` BMiQ 2p2Mi +i2;Q`B2b ?b #22M T`QTQb2/
#v 6B`M 2i HX (6B`YRy)- r?Q mb2  LBp2 "v2b JmHiBMQKBH +HbbB}2` bbB;MBM; BK;2b iQ
qBFBT2/B M/ qQ`/L2i +i2;Q`B2bX "`M`/ M/ 6Q`bvi? ("6yR) mb2  ;2M2`iBp2 ?B2``+?B+H
KQ/2H BMi2;`iBM; b2KMiB+ M/ pBbmH BM7Q`KiBQM iQ +`2i2 M BK;2 /i#b2 #`QrbBM; bvbi2KX
AM i?2 b2+QM/ J2/B1pH a1. kyRj +?HH2M;2- T`iB+BTMib r2`2 bF2/ iQ +Hmbi2`  b2i Q7 BK;2b
BMiQ 2B;?i 2p2Mi +i2;Q`B2bX h?2 T`iB+BTMib /QTi2/  /B`2+i +HbbB}+iBQM T`Q+2/m`2 ("ARjc
L;mYRjc aLRj)X qBi? `2bT2+i iQ i?2 `2bmHib- HH TT`Q+?2b biBHH ?p2 b2p2`2 T`Q#H2Kb iQ
/2i2`KBM2 i?2 +Q``2+i +i2;Q`B2bc i?2 #2bi QMHv `2+?2/ M 6@K2bm`2 Q7 99XNWX
PM2 Q7 i?2 }`bi iQ i+FH2 i?2 T`Q#H2K Q7 2p2Mi /2i2+iBQM BM bQ+BH K2/B r2`2 "2+F2`- LKM-
M/ :`pMQ ("L:Ry)- r?Q T`2b2Mi2/ M BM+`2K2MiH +Hmbi2`BM; H;Q`Bi?K i?i +Hmbi2`b bQ+BH
K2/B /Q+mK2Mib BMiQ  ;`QrBM; b2i Q7 2p2MibX h?2 +Hmbi2`BM; H;Q`Bi?K mb2/ Bb bBKBH` iQ i?2
QM2 mb2/ 7Q` /2i2+iBM; 2p2Mib BM i2ti /Q+mK2Mib bi`2Kb Ub22 HHM 2i HX (HHYN3)VX AM i?Bb
TT`Q+?- HH /Q+mK2Mib ?p2 iQ #2 +QKT`2/ iQ 2+? Qi?2` #27Q`2 i?2 bbB;MK2Mi iQ i?2 }MH
+i2;Q`v +M #2 K/2X h?Bb +mb2b b+H#BHBiv Bbbm2b b i?2b2 +QKT`BbQMb ;`Qr HBM2`Hv rBi?
i?2 /iX h?2`2 ?b HbQ #22M Qi?2` rQ`F QM /2i2+iBM; M/ BM/2tBM; 2p2Mib BM bQ+BH K2/B

&KDSWHU  )RXQGDWLRQV DQG 5HODWHG :RUN
bi`2Kb HBF2 i?2 QM2 #v *?2M M/ _Qv (*_yN)- r?Q +QMbB/2` M TT`Q+? 7Q` /2i2+iBM; 2p2Mib
2tTHQBiBM; i?2 i2KTQ`H M/ bTiBH /Bbi`B#miBQM Q7 F2vrQ`/b M/ i;bX
JQ`2 `2+2MiHv- r2 ?p2 T`QTQb2/ M 2p2Mi /2i2+iBQM ibF QM i?2 BK;2 /ib2i /2b+`B#2/ BM
i?Bb /Bbb2`iiBQM iQ #2 mb2/ BM i?2 aQ+BH 1p2Mi .2i2+iBQM ibF Q7 J2/B1pH kyRj Ub22 _2mi2`
2i HX (_2mYRj)VX AM //BiBQM- r2 T`QpB/2/ M 2pHmiBQM iQQH iQ KF2 HH `2bmHib +QKT`#H2X
h?2`2 rb  iQiH Q7 RR T`iB+BTMib BM i?i ibFX h?2`27Q`2- r2 `2 #H2 iQ /B`2+iHv +QKT`2
Qm` TT`Q+? T`2b2Mi2/ BM i?Bb i?2bBb iQ i?2 TT`Q+?2b Q7 i?2 J2/B1pH T`iB+BTMibX b i?2
ibF /B/ MQi `2[mB`2 iQ i`2i i?2 /i BM  bi`2K b+2M`BQ- Bi rb TQbbB#H2 iQ mb2 i?2 /ib2i BM
 }t2/ b2iiBM; HHQrBM;  #+F M/ 7Q`i? b2`+? rBi? MQ HBKBiiBQM BM i?2 MmK#2` Q7 Tbb2bX AM
i?2 7QHHQrBM; r2 rBHH #`B2~v ;Bp2 M Qp2`pB2r Q7 i?2 /Bz2`2Mi TT`Q+?2b i?i r2`2 TTHB2/X
AM ;2M2`H- Bi rb TQbbB#H2 iQ mb2 irQ FBM/b Q7 /i 7Q` 2+? /Q+mK2Mi, K2i/i M/ i?2 pBbmH
BK;2 Bib2H7X h?2 K2i/i BM+Hm/2/ i?2 +Tim`2 iBK2- mTHQ/ iBK2- ;2Q;`T?B+ BM7Q`KiBQM- i;b-
iBiH2- /2b+`BTiBQM- M/ BM7Q`KiBQM #Qmi i?2 T2`bQM U/BbiBM+i B/2MiB}2`V r?Q mTHQ/2/ i?2 BK;2
M/ Qi?2` /iX Ai rb TQbbB#H2 iQ mb2 Mv 72im`2 +QK#BMiBQM- M/ MQi HH 72im`2b ?/ iQ #2
mb2/X q?BH2 HH TT`Q+?2b K/2 mb2 Q7 i?2 K2i/i- QMHv bQK2 TT`Q+?2b //BiBQMHHv mb2/
i?2 BK;2 /i- r?B+? i?2v `2T`2b2Mi2/ #v aA6h Q` al_6 72im`2bX HH i?2b2 TT`Q+?2b b?Qr2/
i?i i?2 mb2 Q7 pBbmH BM7Q`KiBQM /Q2b 2Bi?2` MQi K2HBQ`i2 i?2 Qp2`HH [mHBiv Q7 +Hmbi2`BM;
Q`- rQ`b2- 2p2M HQr2`b i?2 Qp2`HH T2`7Q`KM+2 (_7YRjc "ARjc a+?YRj)X aQK2 TT`Q+?2b
(ww.Rjc qaRjc aLRj) ?2pBHv T`2T`Q+2bb2/ i?2 i2timH K2i/i #v TTHvBM; biQT rQ`/ `2KQpH-
bi2KKBM; M/fQ` MQM@a*AA +?`+i2` `2KQpHX L2p2`i?2H2bb- i?2 `2bmHib r2`2 MQi b ;QQ/ b
i?2 QM2b 7`QK Qi?2`b r?Q /B/ MQi TTHv Mv i2ti KMBTmHiBM; i2+?MB[m2bX Pi?2`b `QmM/2/ i?2
iBK2biKTb iQ ?B;?2` iBK2 bTMb- mT iQ r?QH2 /vbX q?BH2 i?2 BKT+i Q7  bKHH2` `QmM/BM; Bb
MQi K2bm`#H2- i?2 `QmM/BM; iQ  7mHH /v Kv +mb2 T`Q#H2Kb b i?2 `2bmHib r2`2  HQi rQ`b2
(::*Rj)X
HH `2b2`+?2`b r2`2 7+2/ rBi? i?2 b+H#BHBiv Bbbm2b +mb2/ #v i?2 MmK#2` Q7 /i TQBMib BM i?2
/ib2iX aQK2 /B/ MQi /2H rBi? i?2 T`Q#H2K i HH- `2bmHiBM; BM  bHQr M/ MQi p2`v b+H#H2
TT`Q+?X Pi?2`b i+FH2/ i?2 T`Q#H2K #v mbBM; p2`v /Bz2`2Mi i2+?MB[m2bX  72r K/2 mb2
Q7  +M/B/i2 `2i`B2pH bi2T- r?B+? ?b #22M T`QTQb2/ BM 2`HB2` rQ`F #v mb (_*Rk) r?B+?
rBHH #2 2tTHBM2/ BM KQ`2 /2iBH BM a2+iBQM 8XjX q?BH2 bQK2- HBF2 a+?BMb 2i HX (a+?YRj) M/
JM+?QM@oBMxm2i2 M/ :B`Q@B@LB2iQ (J:Rj)- /B`2+iHv /QTi i?2 +M/B/i2 `2i`B2pH K2i?Q/ r2
?p2 T`QTQb2/- Qi?2`b mb2/ Bi b M BMbTB`iBQM 7Q`  p`BMi mbBM; QMHv i?2 iBK2 7+iQ` (L;mYRj)X
MQi?2` B/2 T`QTQb2/ rb iQ mb2  b2`+? 2M;BM2 HBF2 Gm+2M2 Q` aT?BMt iQ +`2i2 i?2 +M/B/i2b
(aKYRj)X  /Bz2`2Mi bQHmiBQM iQ i+FH2 i?2 b+H#BHBiv T`Q#H2K rb iQ bTHBi i?2 /ib2i BMiQ
#i+?2b BM Q`/2` iQ KF2 T`Q+2bbBM; TQbbB#H2 7Q`  +QKTmiiBQMHHv iBK2 2tT2MbBp2 H;Q`Bi?K
(qaRj)X
JMv Q7 i?2 TT`Q+?2b mb2 H;Q`Bi?Kb r?B+? +MMQi #2 mb2/ BM  bi`2K b2iiBM; b i?2v `2 QTi@
BM; 7Q`  b2[m2M+2 Q7 b2p2`H +Hmbi2`BM; QT2`iBQMb r?B+? +MMQi TTHB2/ iQ /i bi`2Kb (ww.Rjc
_7YRjc L;mYRjc J:Rj)X Ai Bb +QKKQM iQ +Hmbi2` #v iBK2 M/ HQ+iBQM }`bi U2X ;X w2TT2Hx@
m2`- w?`B2p- M/ .2H 6#`Q (ww.Rj) M/ :mTi- :miK- M/ *?M/`KQmHB (::*Rj)V M/
i?2M Bi2`iBp2Hv BM+Q`TQ`i2 Qi?2` 72im`2b BM QM2 Q` KQ`2 Tbb2bX h?2`2 `2 HbQ TT`Q+?2b
r?B+? BMBiBHHv +QMbB/2`  T2` iBK2 M/ mb2` +Hmbi2`- bm#b2[m2MiHv //BM; MQi?2` K2`;2 H@
;Q`Bi?K (J:Rjc L;mYRj)X h?2 `2bmHib BM a1. kyRj b?Qr i?i KmHiB@Tbb H;Q`Bi?Kb b22BM;

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i?2 r?QH2 /i b2i UHH /i TQBMibV i QM+2 ?p2  ?B;?2` T2`7Q`KM+2 i?M H;Q`Bi?Kb rBi?
HBKBi2/ Tbb2b 7Q`  bi`2K b2iiBM;X 6Q` 2tKTH2- aKM;QQ2B 2i HX (aKYRj) T`2b2Mi  bT2+@
i`H +Hmbi2`BM; H;Q`Bi?K rBi? i?2 /2MbBiv@#b2/ bi`m+im`H +Hmbi2`BM; H;Q`Bi?K 7Q` M2irQ`Fb
U."a*LV rBi? M2B;?#Q`?QQ/ b2H2+iBQM +Hmbi2`BM;X h?2v T`2T`Q+2bb /i BM  bT`b2 {MBiv
Ki`Bt- +?B2pBM;  p2`v ;QQ/ T2`7Q`KM+2 U`2+?BM; M 6@K2bm`2 Q7 N9XeWVXh?2 TT`Q+?
#v qBbim# M/ a+?KB/i@h?B2K2 (qaRj) mb2b  ZmHBiv h?`2b?QH/ +Hmbi2`BM;X AMbi2/ Q7 mbBM;
 /Q+mK2Mi@/Q+mK2Mi #b2/ `2T`2b2MiiBQM- i?2v r2`2 BMbTB`2/ #v 2`HB2` rQ`F Q7 mb- mbBM;
 /Q+mK2Mi@+2Mi`QB/ #b2/ `2T`2b2MiiBQMX M TT`Q+? TTHB+#H2 BM  bi`2K b2iiBM; rb
T`2b2Mi2/ #v JM+?QM@oBMxm2i2 M/ :B`Q@B@LB2iQ (J:Rj)X h?2v T`QTQb2  irQ@Tbb TT`Q+?
mbBM; S?QiQ@hP* (S*6yj) b  }`bi bi2T iQ +Hmbi2` TB+im`2b #v iBK2 7Q` 2p2`v mb2`- M/ i?2M
mb2  K2`;2 H;Q`Bi?K iQ T`Q/m+2 i?2 }MH +Hmbi2`BM; U6@K2bm`2, 33XjWVX Gi2`- BM a2+iBQM NXj-
r2 T`QpB/2  /B`2+i +QKT`BbQM Q7 T2`7Q`KM+2 rBi? i?2 KQbi BKTQ`iMi TT`Q+?2b K2MiBQM2/





AM Q`/2` iQ +`2i2- i2bi- M/ pHB/i2 i?2 bQ+BH K2/B +Hmbi2`BM; TT`Q+? Q7 i?Bb rQ`F- Bi
Bb M2+2bb`v iQ ?p2  bmBi#H2 /ib2iX h?2`2 `2 H`2/v KMv /ib2ib Tm#HBb?2/ r?B+?
?2HT `2b2`+?2`b rBi? /2p2HQTK2Mib BM i?2 `2 Q7 +HbbB}+iBQM M/ +Hmbi2`BM; iQ i2bi i?2B`
TT`Q+?2bX 1tKTH2b `2 i?2 /ib2ib 7`QK *?T2HH2- a+?ƺHFQT7- wB2M- 2i HX (*Yye) r?Q
T`QTQb2/ i?`22 `iB}+BH M/ i?`22 `2H /ib2ib 7Q` i2biBM; M/ pHB/iBQM Q7 b2KB@bmT2`pBb2/
+Hmbi2`BM; TT`Q+?2bX h?2`2 `2 HbQ b2p2`H /ib2ib Tm#HBb?2/ #b2/ QM i?2 _2mi2`b M2rb
+Q`TQ`iBQM +QHH2+iBQM (aMN9)X PM2 2tKTH2 7Q` bm+?  i2ti +QHH2+iBQM Bb i?2 _2mi2`b@kR8d3
/ib2i (G2rNd)X h?2`2 `2 i H2bi irQ /ib2ib BM i?2 bQ+BH K2/B }2H/ r?B+? r2 `2 r`2
Q7X Pp2` 2i HX (Pp2YRk) T`2b2Mi2/  /ib2i +QKT`BbBM; pB/2Qb b T`i Q7 h_1*oA. J1.X
MQi?2` /ib2i +QKT`BbBM; BK;2b ?b #22M T`QTQb2/ #v ST/QTQmHQb 2i HX (STYRj) BM
i?2 J2/B1pH a1. +?HH2M;2X >Qr2p2`- KMv Q7 i?2b2 /ib2ib UBM+Hm/BM; i?2 QM2b K2MiBQM2/
#Qp2V ?p2 b2p2`H /`r#+Fb i?i HBKBi i?2B` mb2 7Q` Qm` TT`Q+?, 2Bi?2` i?2v `2 iQiHHv
`iB}+BH- MQi `2Hi2/ iQ bQ+BH K2/B- Q` i?2 MmK#2` Q7 /Q+mK2Mibf/i TQBMib BM+Hm/2/ Bb bKHHX
6Q` 2tKTH2- i?2 /ib2i 7`QK ST/QTQmHQb 2i HX (STYRj) QMHv +QMiBMb  HBiiH2 KQ`2 i?M
Ryy-yyy BK;2b M/ i?2v T`QpB/2  +HbbB}+iBQM QMHv 7Q`  7`+iBQM Q7 i?2b2X 6m`i?2`KQ`2- i?2
+HbbB}+iBQM Bb #b2/ QM 2p2Mi +i2;Q`B2b M/ Bb i?mb MQi bmBi#H2 iQ 2pHmi2 M TT`Q+? 7Q`
/BbiBM+i 2p2Mi /2i2+iBQMX q2 i?mb /2+B/2/ iQ +`2i2  M2r /ib2iX b i?2 BK Bb iQ /2p2HQT M
TTHB+iBQM 7Q`  `2H@rQ`H/ BMbi2/ Q7 M `iB}+BH TTHB+iBQM- i?2 /ib2i b?QmH/ #2 MQM@iQv
M/ `2~2+i `2H@rQ`H/ /iX h?2`27Q`2- BM i?2 7QHHQrBM; r2 T`QTQb2 bm+?  /ib2i r?B+? ?b
H`2/v #22M `2H2b2/ BM kyR9 mM/2` i?2 MK2 ǳ_2a11. Ĝ aQ+BH 1p2Mi /1i2+iBQM .ib2iǴ
(_2mYR9)X
Pm` /ib2i +QMbBbib Q7 TB+im`2b 7`QK i?2 QMHBM2 T?QiQ b?`BM; +QKKmMBiv THi7Q`K 6HB+F`R
r?B+? Bb QT2`i2/ #v u?QQ AM+X HH i?2 TB+im`2b `2 bbB;M2/ iQ BM/BpB/mH M/ /BbiBM+i bQ+BH
2p2MibX h?2b2 bQ+BH 2p2Mib `2 Q7 H`;2 p`B2iv M/ BM+Hm/2 +QM+2`ib- 72biBpHb- bTQ`i 2p2Mib HBF2
bQ++2` Ki+?2b- T`Qi2bi K`+?2b- /2#i2b- 2tTQbBiBQMb- M/ Qi?2`bX
AM //BiBQM iQ i?2 TB+im`2b Bib2H7- 6HB+F` T`QpB/2b bQ@+HH2/ K2i/i 7Q` 2+? TB+im`2X AM Qm`
+b2- r2 `2 iHFBM; #Qmi /2b+`BTiBp2 K2i/iX b Bib MK2 H`2/v BKTHB2b i?Bb /i /2b+`B#2b
R?iiT,ffrrrX7HB+F`X+QKěHbi ++2bb2/ kyR9@yN@RN

&KDSWHU  (YHQW &OXVWHULQJ 'DWDVHW
i?2 /i }H2 Bib2H7X JQ`2 T`2+Bb2Hv- BM i?Bb +QMi2ti K2i/i Bb i2timH /i HBF2  iBK2biKT-
F2vrQ`/b- iBiH2- b r2HH b  i2timH /2b+`BTiBQM Q7 i?2 BK;2 +QMi2MiX
h?2 r?QH2 /ib2i BM+Hm/BM; HH TB+im`2b- iQ;2i?2` rBi? i?2B` bbQ+Bi2/ K2i/i- rb /QrM@
HQ/2/ 7`QK 6HB+F` mbBM; i?2B` Q{+BH SAk r?B+? T`QpB/2b  +QMp2MB2Mi rv iQ ++2bb i?2 Q{+BH
/iX 6m`i?2`KQ`2- r2 K/2 bm`2 i?i HH TB+im`2b ?p2 #22M Tm#HBb?2/ mM/2`  *`2iBp2 *QK@
KQMb HB+2Mb2X h?Bb ivT2 Q7 HB+2Mb2 ;`Mi2/ #v i?2 BK;2 mTHQ/2`b HHQrb  7`22 /Bbi`B#miBQM Q7
i?2 TB+im`2b M/ i?2 K2i/i 2p2M rBi?Qmi i?2 mb;2 Q7 6HB+F`X
AM r?i 7QHHQrb r2 ;Bp2 BM7Q`KiBQM QM ?Qr 2t+iHv i?2 /i rb Q#iBM2/X h?2 +`2iBQM
T`Q+2bb Q7 i?2 2p2Mi +Hmbi2`b i?2Kb2Hp2b Bb i?2M /2b+`B#2/ BM b2+iBQM 9XkX 7i2` i?i- r2 T`Q+22/
iQ /2b+`B#2 i?2 /ib2i BM KQ`2 /2iBH M/ T`QpB/2 M2+2bb`v };m`2b M/ biiBbiB+bX q2 +QM+Hm/2
rBi?  /2b+`BTiBQM Q7 i?2 /ib2i 7Q`KiX
 &UHDWLRQ DQG &ROOHFWLRQ RI WKH 'DWDVHW
AM Q`/2` iQ +QHH2+i i?2 /i Ki2`BH r2 `2HB2/ QM i?2 Q{+BH SA 7`QK 6HB+F`X HiQ;2i?2`- i?2
`2i`B2pH Q7 i?2 BK;2b M/ i?2B` ++QKTMvBM; K2i/i ?b #22M T2`7Q`K2/ BM 7Qm` bm#b2[m2Mi
bi2Tb,
RX HH K2i/i pBH#H2 7Q` 2p2`v T?QiQ BM i?2 /ib2i rb 72i+?2/ mbBM; i?2 7mM+iBQM
7HB+F`XT?QiQXb2`+? Q7 i?2 6HB+F` SAX
kX HH pBH#H2 BM7Q`KiBQM #Qmi i?2 T?QiQ;`T?2` M/ mTHQ/2` Q7 i?2 T?QiQb ?b #22M
72i+?2/ mbBM; i?2 7HB+F`XT2QTH2X;2iAM7Q 7mM+iBQMX
jX h?2 T?QiQb i?2Kb2Hp2b r2`2 /QrMHQ/2/ pB biM/`/ >hhS `2[m2bib mbBM; i?2B` /@
/`2bb2b- r?B+? r2`2 72i+?2/ BM i?2 }`bi bi2TX
9X //BiBQMH BM7Q`KiBQM #Qmi i?2 2p2Mib ?b #22M 72i+?2/ 7`QK i?2 QMHBM2 2p2Mi +H2M/`b
lT+QKBM;j M/ HbiX7K9X
6Q` i?2 +`2iBQM Q7 i?2 ;QH/ biM/`/ r2 ?p2 mb2/ M 2bb2MiBH F2v 7mM+iBQM 7`QK 6HB+F`X 1p2`v
mb2` Q7 i?2 6HB+F` b2`pB+2b ?b i?2 TQbbB#BHBiv iQ bbB;M bQ@+HH2/ i;b iQ i?2 TB+im`2b r?B+? r2`2
T`2pBQmbHv mTHQ/2/X h?2b2 i;b `2 K2MBM;7mH F2vrQ`/b /2b+`B#BM; 2+? BK;2X lbmHHv- i?2
i;b +QMiBM ?mKM@`2/#H2 i2timH BM7Q`KiBQMX h?Bb KB;?i #2  bBM;H2 rQ`/-  b?Q`i bHQ;M
UKmHiB@rQ`/V- Q` Dmbi bQK2 +?`+i2` +QK#BMiBQM rBi? mT iQ k88 +?`+i2`bX AM kyyd-  bT2+BH
ivT2 Q7 i;b r?B+? `2 K2Mi iQ #2 +QMbmK2/ #v K+?BM2b rb M2rHv BMi`Q/m+2/ #v 6HB+F`X
h?2b2 bT2+BH i;b `2 +HH2/ K+?BM2 i;bX aQK2iBK2b i?2v `2 HbQ FMQrM mM/2` i?2 MK2
i`BTH2 i;bX h?2B` KBM /Bz2`2M+2 iQ i?2 MQ`KH M/ mb2`@+2Mi`B+ F2vrQ`/b Bb i?i K+?BM2 i;b
`2 #mBHi mT mbBM;  }t2/ b+?2KX h?Bb b+?2K mb2b  MK2bT+2- T`2/B+i2- b r2HH b  pHm2X





 &UHDWLRQ DQG &ROOHFWLRQ RI WKH 'DWDVHW
MK2bT+2,T`2/B+i24pHm2
 MK2bT+2 /2MQi2b  7+2i Q`  +Hbb r?B+? i?2 i; #2HQM;b iQX h?2 T`2/B+i2 Bb mb2/ iQ MK2
i?2 T`QT2`iv 7Q`  MK2bT+2 M/ i?2 pHm2 Bb bQK2 pHm2 bmBi#H2 7Q` i?2 T`QT2`ivX >Qr i?Bb
+M #2 mb2/ 7Q` i?2 +`2iBQM Q7 i?2 /ib2i rBHH #2 2tTHBM2/ BM KQ`2 /2iBH BM a2+iBQM 9XkX
 )HWFKLQJ RI 0HWDGDWD
Pm` }`bi Q#D2+iBp2 rb iQ 72i+? i?2 K2i/i 7Q` bmBi#H2 BK;2bX q2 i?mb 2tTHQBi2/ M SA
7mM+iBQM b i?2 }`bi bi2T r?B+? HHQrb iQ b2`+? 7Q` BK;2b K22iBM; +2`iBM +`Bi2`BX  bmBi#H2
7mM+iBQM rb 7HB+F`XT?QiQXb2`+?X h?2 `2bmHi Q7 i?Bb SA +HH Bb  b2i Q7 i2timH K2i/i
#Qmi i?2 T?QiQbX Ai HbQ BM+Hm/2b i?2 //`2bb 7`QK r?2`2 i?2 BK;2 Bib2H7 +M #2 /QrMHQ/2/X
Pm` BMi2Mi rb iQ /QrMHQ/ HH T?QiQb mTHQ/2/ iQ 6HB+F` #2ir22M i?2 Rbi Q7 CMm`v kyye
M/ i?2 jRbi Q7 .2+2K#2` kyRk 7mH}HHBM; +2`iBM +`Bi2`B, V i?2 T?QiQ ?b  bT2+BH K+?BM2 i;
bbB;M2/ M/ i?2 MK2bT+2 Q7 i?i i; Bb 2Bi?2` mT+QKBM;,2p2Mi4 Q` Hbi7K,2p2Mi4 M/ #V i?2
HB+2Mb2 Q7 i?2 BK;2 Bb QM2 Q7 i?2 7QHHQrBM; *`2iBp2 *QKKQMb HB+2Mb2b, ii`B#miBQM HQM2 U**
"uV- ii`B#miBQM M/ a?`2HBF2 U** "u@aV- ii`B#miBQM M/ LQM+QKK2`+BH U** "u@L*V- Q`
ii`B#miBQM- LQM+QKK2`+BH- M/ a?`2HBF2 U** "u@L*@aVX Pi?2` TB+im`2b `2 MQi BM+Hm/2/
BM i?2 }MH /ib2iX h?Bb TTHB2b 2bT2+BHHv 7Q` BK;2b mM/2` Qi?2` HB+2Mb2b HBF2 i?2 *`2iBp2
*QKKQMb QM2b MQi HHQrBM; /2`BpiBp2b U** "u@L. M/ ** "u@L*@L.V r?B+? `2 2t+Hm/2/X
GBKBiBM; i?2 b2H2+iBQM Q7 BK;2b iQ i?2 QM2b mM/2`  *`2iBp2 *QKKQMb HB+2Mb2 ?b b2p2`H
/pMi;2b, V r2 `2 HHQr2/ iQ 7`22Hv /Bbi`B#mi2 i?2 /ib2i- #V i?2 HB+2Mb2b `2 r2HH@FMQrM
M/ +V i?2B` 2z2+iBp2M2bb ?b #22M H`2/v T`Qp2M #v bQK2 +Qm`ib BM /Bz2`2Mi +QmMi`B2bX
lbBM; 6HB+F`Ƕb SA i?2`2 Bb  KtBKmK Q7 8yy `2bmHib T2` +HHX 1p2M i?Qm;? i?2 MmK#2` Q7
`2i`B2p2/ TB+im`2 K2i/i Bb MQi Q{+BHHv HBKBi2/ mbBM; i?2 7HB+F`XT?QiQbXb2`+? 7mM+iBQM-
r2 r2`2 7+2/ rBi? i?2 T`Q#H2K i?i- 7i2`  +2`iBM KQmMi Q7 TB+im`2 /i U#Qmi 8-yyy iQ
Ry-yyyV `2i`B2p2/- i?2 SA `2T2i2/Hv `2im`Mb i?2 Hbi 8yy T?QiQb b /mTHB+i2bX q2 i?2`27Q`2
+?M;2/ i?2 bi`i2;v iQ +HHBM; i?2 SA 7mM+iBQM iQ `2i`B2p2 i?2 TB+im`2b 7Q` QM2 bBM;H2 /v QMHv-
bm++2bb7mHHv +B`+mKp2MiBM; i?2 7mHiv #2?pBQ` Q7 i?2 SAX h?2 }MH SA +HH i?mb mb2b i?`22
+QMbi`BMib, V i?2 K+?BM2 i; Bb BM QM2 Q7 i?2 7QHHQrBM; MK2bT+2b, mT+QKBM;,2p2Mi4 M/
Hbi7K,2p2Mi4- #V i?2 T?QiQ ?b #22M iF2M QM i?2 /v bT2+B}2/ BM i?2 [m2`v- M/ +V i?2
TB+im`2b rb Tm#HBb?2/ mM/2`  *`2iBp2 *QKKQMb HB+2Mb2 HHQrBM; 7`22 `2/Bbi`B#miBQMX h?2
2t+i TT`Q+? 7Q` i?2 r?QH2 `2i`B2pH T`Q+2bb Bb b?QrM BM H;Q`Bi?K 9XR
 )HWFKLQJ RI 8SORDGHU ,QIRUPDWLRQ
AM bi2T k r2 72i+? BM7Q`KiBQM #Qmi i?2 T2`bQMb r?Q mTHQ/2/ i?2 TB+im`2b iQ 6HB+F`X h?2`27Q`2-
r2 BM+Q`TQ`i2 i?2 SA QM+2 ;BMX h?Bb bi2T Bb M2+2bb`v b i?2 *`2iBp2 *QKKQMb HB+2Mb2b
mb2/ 7Q` i?2 TB+im`2b `2[m2bi i?i i?2 Q`B;BMH mi?Q` ?b iQ #2 +`2/Bi2/X q2 i?mb 2KTHQv i?2
7QHHQrBM; 7mM+iBQM Q7 i?2 6HB+F` SA iQ Q#iBM i?2 BM7Q`KiBQM,
7HB+F`XT2QTH2X;2iAM7Q

&KDSWHU  (YHQW &OXVWHULQJ 'DWDVHW
H;Q`Bi?K 9XR, J2i/i `2i`B2pH 7`QK 6HB+F`
AMTmi , hrQ MK2bT+2b, mT+QKBM;,2p2Mi4 M/ Hbi7K,2p2Mi4
PmiTmi , _2i`B2p2/ TB+im`2b M/ K2i/i Ki+?BM; [m2`v
.v ← Ƕkyye@yR@yRǶc
r?BH2 .v ! ǶkyRk@Rk@jRǶ /Q
7Q`2+? LK2bT+2 /Q
S;2LmK#2` ← 7HB+F`Xb2`+?XT?QiQa2`+? U.v- LK2bT+2Vc
7Q`2+? S;2LmK#2` /Q
*m``2MiSB+im`2 ← 7HB+F`Xb2`+?XT?QiQa2`+? U.v- LK2bT+2- S;2LmK#2`Vc
7Q`2+? *m``2MiSB+im`2 /Q
B7 *m``2MiSB+im`2 Bb M2r i?2M







.v ← .v Y Rc
2M/
h?2 mTHQ/2` BM7Q`KiBQM Bb `2[m2bi2/ 7Q` 2+? TB+im`2 2Mi`v BM Qm` HQ+H /i#b2 mbBM; i?2
mMB[m2 mb2` A. r?B+? ?b #22M T`QpB/2/ #v 6HB+F` 7Q` 2+? TB+im`2X b  `2bmHi r2 ;2i i?2
7QHHQrBM; BM7Q`KiBQM #Qmi i?2 T2`bQMb,
Ç lMB[m2 A. QM 6HB+F`
Ç lb2`MK2 +?Qb2M #v i?2 mb2`
Ç h?2 `2H MK2 UB7 i?2 mb2` ?b T`QpB/2/ i?i MK2V
Ç  HBMF iQ i?2 mb2` T`Q}H2 QM 6HB+F`
Ç h?2 HQ+iBQM r?2`2 i?2 mb2` Bb bBimi2/ UB7 T`QpB/2/ #v i?2 mb2`V
i i?2 2M/ Q7 i?Bb bi2T- r2 ?p2 biQ`2/ i?2 mTHQ/2` BM7Q`KiBQM iQ;2i?2` rBi? i?2 K2i/i
7Q` 98y-yyy TB+im`2bX
 )HWFKLQJ RI 3LFWXUH )LOHV
lbBM; i?2 //`2bb2b Q#iBM2/ BM i?2 }`bi bi2T M/ biQ`2/ BM Qm` HQ+H /i#b2- HH TB+im`2b `2
/QrMHQ/2/ pB i?2 :1h 7mM+iBQM mbBM;  biM/`/ >hhS +QMM2+iBQMX .m`BM; i?2 /QrMHQ/
T?b2 r2 br i?i `QmM/ R8-yyy Q7 i?2 TB+im`2b `2 MQi pBH#H2 7Q` /QrMHQ/ 7Q` b2p2`H
`2bQMbX h?Bb rb i?2 +b2 7Q` bQK2 TB+im`2b /m2 iQ mMpBH#BHBiv Q7 i?2 6HB+F` b2`p2`bX >Qr2p2`-

 /DEHOLQJ RI WKH 'DWD ŋ &UHDWLRQ RI WKH *ROG 6WDQGDUG
i?2 H`;2bi TQ`iBQM rb mMpBH#H2 #2+mb2 Q7  `2KQpH #v i?2 mTHQ/2` Q` +QTv`B;?i ?QH/2`
Q` +?M;2/ T`Bp+v b2iiBM;b T`2p2MiBM;  /QrMHQ/X h?Bb rb i?2 +b2 b i?2 SA /Q2b MQi
M2+2bb`BHv /2HBp2` i?2 Hi2bi BM7Q`KiBQMX 6BMHHv- i?2 r?QH2 /QrMHQ/ T`Q+2bb 2p2MimHHv H2/
iQ  iQiH Q7 9jd-jdy TB+im`2b /QrMHQ/2/X
 /DEHOLQJ RI WKH 'DWD ŏ &UHDWLRQ RI WKH *ROG 6WDQGDUG
AM i?Bb b2+iBQM r2 /2b+`B#2 ?Qr 2t+iHv i?2 ;QH/ biM/`/ rb +`2i2/X  KMmH H#2HBM; Q7 /i
7Q` bm+?  ?B;? KQmMi Q7 TB+im`2b #v ?M/ Bb  p2`v iBK2@+QMbmKBM; M/ 2tT2MbBp2 mM/2`iFBM;
M/ r2 +K2 iQ i?2 +QM+HmbBQM i?i i?Bb Bb MQi 72bB#H2X q2 i?2`27Q`2 2tTHQBi2/ 2tBbiBM; KMmHHv
+`2i2/ M/ `2/BHv pBH#H2 bQ+BH 2p2Mib r?B+? r2`2 H`2/v /2}M2/ +QHH#Q`iBp2Hv #v 
+QKKmMBiv Q7 mb2`bX AM 7+i- i?2`2 2tBbi r2#bBi2b QM i?2 q2# i?i ?Qbi bQ+BH 2p2Mi +H2M/`bX
 8VDJH RI 6RFLDO (YHQW &DOHQGDUV IRU 'DWD /DEHOLQJ
 bQ@+HH2/ bQ+BH 2p2Mi +H2M/` Bb /2}M2/ b  `2TQbBiQ`v Q7 bQ+BH 2p2Mib r?B+? +M #2 b2`+?2/
M/ #`Qrb2/ #v 2p2MibX AM bm+?  bQ+BH 2p2Mi +H2M/`- ?mKMb +`2i2 M 2Mi`v 7Q` 2+? /BbiBM+i
2p2MiX a2`pB+2b Qz2`BM; i?Bb 7mM+iBQMHBiv `2 Q7i2M KM;2/ T`Q72bbBQMHHvX h?2 #2M2}i ?2`2
Bb i?i QMHv bQ+BH 2p2Mib i?i ?p2 #22M pHB/i2/ #v i?2 +QKKmMBiv `2 //2/X h?2`27Q`2-
HH BM+Hm/2/ 2p2Mib 2ti`+i2/ BM i?Bb rv ?p2  `i?2` bKHH H2p2H Q7 MQBb2X 6m`i?2`KQ`2- Bi Bb
MQi#H2 i?i KQbi Q7 i?2b2 bBi2b T`QpB/2 KQ`2 BM7Q`KiBQM #Qmi i?2 bQ+BH 2p2Mi i?M i?2 THBM
2p2Mi MK2X Ai Bb p2`v mbmH i?i i?2 2Mi`B2b +QMiBM KQ`2 /2iBH2/ BM7Q`KiBQM #Qmi i?2 2p2Mi
ivT2 Bib2H7X h?Bb BM+Hm/2b i?2 iBK2 M/ /i2 r?2M i?2 bQ+BH 2p2Mi iF2b TH+2- i?2 HQ+iBQM- 
/2iBH2/ /2b+`BTiBQM- M/  HQi KQ`2X  7mHH HBbi Q7 pBH#H2 BM7Q`KiBQM Bb T`QpB/2/ BM h#H2
9XRX
6Q` i?2 +`2iBQM Q7 i?2 /ib2i T`2b2Mi2/ ?2`2- r2 7Q+mb2/ QM irQ b2`pB+2b T`QpB/BM;  bQ+BH 2p2Mi
+H2M/`, BV lT+QKBM;8 M/ BBV HbiX7KeX h?2 }`bi b2`pB+2 K2MiBQM2/ ?2`2- lT+QKBM;- 7Q`K2`Hv
rb  Tm#HB+ AMi2`M2i T;2 QT2`i2/ #v u?QQ AM+X Ai T`QpB/2/ 2p2Mi +H2M/` BM7Q`KiBQM bBM+2
kyyjX h?2 bBi2 ?b #22M iF2M /QrM mM2tT2+i2/Hv QM T`BH jy- kyRj M/ i?2 BM7Q`KiBQM 7`QK
i?2 bBi2 Bb MQ HQM;2` pBH#H2 iQ i?2 Tm#HB+X 6Q`imMi2Hv- r2 biBHH `2 BM TQbb2bbBQM Q7  /i
+QTv BM  HQ+H /i#b2X GbiX7K- i?2 b2+QM/ b2`pB+2 +HBKBM; iQ #2 i?2 rQ`H/Ƕb H`;2bi QMHBM2
KmbB+ +iHQ;m2- T`QpB/2b M 2p2Mi +H2M/` bBM+2 kyydX q?BH2 i?2 +H2M/` 7`QK HbiX7K i`;2ib
2p2Mib `2Hi2/ iQ KmbB+- lT+QKBM; T`QpB/2/ HbQ 2Mi`B2b 7Q` HH Qi?2` p`B2iB2b Q7 2p2Mibc i?Bb
BM+Hm/2/ bTQ`i 2p2Mib- +QM72`2M+2b- T`Qi2bib- 2i+X h?2 BM7Q`KiBQM Q7 i?2 2p2Mib pBH#H2 7`QK
#Qi? b2`pB+2b Bb +QKT`#H2X
M 2tKTH2 7Q`  bQ+BH 2p2Mi T`2b2Mi2/ QM HbiX7K Bb b?QrM BM 6B;m`2 9XRX
"Qi? b2`pB+2b T`QpB/2 M SA 2M#HBM; mb iQ 2bBHv /QrMHQ/ i?2 2p2Mi BM7Q`KiBQM iQ;2i?2`




&KDSWHU  (YHQW &OXVWHULQJ 'DWDVHW
)LJXUH  ([DPSOH IURP ODVWIP
Bb b?QrM BM 6B;m`2 9XRX 6Q` i?2 +`2iBQM Q7 i?2 H#2H2/ /i- i?2 KQbi BMi2`2biBM; M/ pHm#H2
BM7Q`KiBQM Bb i?2 mMB[m2 2p2Mi B/2MiB}2` U1p2Mi@A.V 7Q` 2+? BM/BpB/mH 2p2Mi 2Mi`vc i?Bb Bb 
bBKTH2 BMi2;2` pHm2 #mi Bb i?2 F2v mb2/ iQ mMB[m2Hv B/2MiB7v M 2p2MiX Ai i?mb +M #2 mb2/ b
i?2 #bBb 7Q` +`2iBM;  ;QH/ biM/`/ Ub Q`B;BMHHv T`QTQb2/ #v "2+F2`- LKM- M/ :`pMQ
("L:Ry)VX
 )HWFKLQJ RI (YHQW ,QIRUPDWLRQ IURP 8SFRPLQJ DQG /DVWIP
AM //BiBQM iQ i?2 /i 7`QK 6HB+F`- r2 Q#iBM2/ BM7Q`KiBQM #Qmi i?2 2p2Mib i?i i?2b2 TB+im`2b
/2TB+i mbBM; i?2 b2`pB+2b Q7 lT+QKBM; M/ HbiX7KdX "Qi? b2`pB+2b Qz2`2/ M SA r?B+? +M
#2 2KTHQv2/ 7Q` i?2 ibFX h?2`27Q`2- r2 mb2/ i?2 1p2MiX;2iAM7Q 7mM+iBQM 7Q`K HbiX7KǶb SA
M/ i?2 mM7Q`imMi2Hv MQ KQ`2 2tBbiBM; 2[mBpH2Mi 7`QK lT+QKBM; iQ 72i+? b2p2`H BM7Q`KiBQM
#Qmi i?2 2p2MibX h?2 72im`2b pBH#H2 7`QK 2+? b2`pB+2 +M #2 b22M BM i#H2 9XRX
i  ;HM+2- r2 Q#iBM2/ /2iBH2/ BM7Q`KiBQM 7Q` 8-kje Qmi Q7 8-j39 2p2Mib 7`QK lT+QKBM; M/
R8-y9j Qmi Q7 Re-jj9 2p2Mib 7`QK HbiX7KX
 /DEHOLQJ 3URFHVV
h?2 BMi`Q/m+iBQM Q7 K+?BM2 i;b BM 6HB+F` 2M#H2/ mb2`b iQ bbQ+Bi2 F2vrQ`/b rBi? i?2B` T?QiQbX
J+?BM2 i;b `2 miQKiB+HHv `2+Q;MBx2/ b  bT2+BH i; #v 6HB+F` r?2M i?2v `2 2Mi2`2/ #v
i?2 mb2` mbBM; i?2 bT2+BH b+?2K 7Q` i?2 i`BTH2 i; MK2bT+2,T`2/B+i24pHm2X Ai Bb TQbbB#H2
iQ mb2 i?2b2 K+?BM2 i;b BM b2p2`H rvbX PM i?2 QM2 ?M/- i?2v +M #2 mb2/ 7Q` M 2bB2`
b2`+?X PM i?2 Qi?2` ?M/- K+?BM2 i;b +M #2 mb2/ iQ HBMF /i- 2X ;X TB+im`2b Q` i2tib- +`Qbb
bBi2bX h?Bb Bb r?2`2 i?2 mMB[m2 B/2MiB}2`b 7`QK lT+QKBM; M/ HbiX7K +QK2 BMiQ TH+2X h?2
mb2`b Q7 #Qi? bBi2b r2`2 ii2M/BM; b2p2`H Q7 i?2b2 bQ+BH 2p2MibX i i?2 2p2Mi i?2v r2`2 iFBM;
TB+im`2b rBi? i?2B` +K2`b M/ KQ#BH2 /2pB+2b r?B+? i?2v 7i2`r`/b mTHQ/ iQ i?2B` 6HB+F`
d?iiT,ffrrrXHbi7KX/2fTBěHbi ++2bb2/ kyR9@Ry@yk

 /DEHOLQJ RI WKH 'DWD ŋ &UHDWLRQ RI WKH *ROG 6WDQGDUG
7DEOH  $YDLODEOH LQIRUPDWLRQ IURP WZR VRFLDO HYHQW FDOHQGDUV ODVWIP DQG 8SFRPLQJ
AM7Q`KiBQM HbiX7K lT+QKBM;
lMB[m2 A. " "
1p2Mi iBiH2 " "
1p2Mi i;b M/ F2vrQ`/b "
1p2Mi /2b+`BTiBQM "
ai`i iBK2 " "
1M/ iBK2 "
LmK#2` Q7 ii2M/22b "
LK2 Q7 p2Mm2 " "
o2Mm2 //`2bb " "
l_G iQ p2Mm2 " "
1t+i ;2Q;`T?B+ HQ+iBQM " "
T?QiQ H#mKX "Qi? bQ+BH 2p2Mi +H2M/` bBi2b #2;M iQ bF i?2B` mb2`b iQ //  r2HH@7Q`K2/
K+?BM2 i; iQ i?2 mTHQ/2/ TB+im`2b QM 6HB+F` bQ i?i Qi?2` T2QTH2 +QmH/ mb2 i?Bb mMB[m2 A.
iQ }M/ i?2 TB+im`2b Q` iQ mb2 i?2 TB+im`2b QM bQK2 Qi?2` b2`pB+2X h?2 K+?BM2 i;b 7Q` i?2b2
TB+im`2b `2 BM i?2 7QHHQrBM; 7Q`K, mT+QKBM;,2p2Mi4O2p2MiB/ Q` Hbi7K,2p2Mi4O2p2MiB/X
h?Bb T`QpB/2b BKTQ`iMi BM7Q`KiBQM #Qmi i?2 TB+im`2b 7Q` mb b r2 i?2M FMQr i?i i?2 TB+im`2
rBi? bm+?  i; #2HQM;b iQ  bQ+BH 2p2Mi BM i?2 /i#b2 Q7 i?2 bQ+BH 2p2Mi +H2M/` T`QpB/2`X
am#b2[m2MiHv- r2 BK iQ Q#iBM i?2 +Q``2bTQM/BM; mMB[m2 1p2Mi@A. 7Q` i?Bb 2p2MiX h?2`27Q`2- r2
+M KF2 i?2 bbmKTiBQM i?i HH TB+im`2b r?B+? r2`2 T`2pBQmbHv K`F2/ rBi? i?2 bK2 1p2Mi@
A. BM i?2 K+?BM2 i; #2HQM; iQ i?2 bK2 2p2Mi (_*Rk) Ub22 HbQ "2+F2`- LKM- M/ :`pMQ
("L:Ry) 7Q`  T`2pBQmb TT`Q+? 2tTHQBiBM; i?Bb bK2 T`BM+BTH2 i?i BMbTB`2/ i?Bb TT`Q+?VX
"2BM; BM TQbb2bbBQM Q7 i?i BM7Q`KiBQM- r2 r2Mi i?`Qm;? 2+? TB+im`2 2ti`+iBM; i?2 bbQ+Bi2/
K+?BM2 i;bX HH K+?BM2 i;b #2BM; QmibB/2 Q7 i?2 MK2bT+2 r2 `2 HQQFBM; 7Q` UǳmT+QKBM;Ǵ
M/ ǳHbi7KǴV r2`2 /Bb+`/2/X 7i2`r`/b- i?2 pHm2 Q7 2+? i`BTH2 i; 7Q` i?2 K+?BM2 i;b
mT+QKBM;,2p2Mi4pHm2 M/ Hbi7K,2p2Mi4pHm2 rb 2ti`+i2/X h?2 `2bmHiBM; pHm2b r2`2 i?2M
biQ`2/ iQ;2i?2` rBi? 2+? 6HB+F` TB+im`2 A. BM Qm` HQ+H /i#b2X q2 2M/ mT rBi? i?`22 /Bz2`2Mi
ivT2b Q7 `2HiBQMb 7Q` i?2 TB+im`2b,
RX SB+im`2b ?pBM; QMHv  `2HiBQM iQ i?2 lT+QKBM; 2p2Mi +H2M/`
kX SB+im`2b ?pBM; QMHv  `2HiBQM iQ i?2 HbiX7K 2p2Mi +H2M/`
jX SB+im`2b ?pBM;  `2HiBQM iQ #Qi? b2`pB+2b
A7 M 2p2Mi rb HBbi2/ QM #Qi? 2p2Mi +H2M/` bvbi2Kb- i?2 2p2Mi BM [m2biBQM rb K2`;2/ iQ QM2
/BbiBM+i 2p2MiX h?2 BM7Q`KiBQM #Qmi i?2b2 +Q``2bTQM/2M+2 rb mb2/ 7`QK TB+im`2b ?pBM; 
`2HiBQM iQ #Qi? b2`pB+2bX AM i?2 +b2 i?i  TB+im`2 QMHv ?/  `2HiBQM iQ QM2 2p2Mi +H2M/`
T`QpB/2`- i?2 TB+im`2b r2`2 bbQ+Bi2/ rBi? i?2 M2rHv K2`;2/ 2p2MiX 7i2` i?i bi2T- i?2 }MH
MmK#2` Q7 2p2Mib 7Q` i?2 r?QH2 /ib2i Bb kR-ReNX

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h?2 /ib2i b  r?QH2 +QMiBMb 9jd-jdy TB+im`2b 7`QK i?2 6HB+F` T?QiQ +QKKmMBiv bBi2- r?B+?
`2 pBH#H2 mM/2`  *`2iBp2 *QKKQMb HB+2Mb2 HHQrBM; /2`BpiBp2b M/ /Bbi`B#miBQM rBi? M
mTHQ/ iBK2 iQ i?2 6HB+F` bBi2 #2ir22M CMm`v kyye M/ .2+2K#2` kyRkX h?2b2 TB+im`2b r2`2
bbB;M2/ iQ kR-ReN 2p2Mib BM iQiHX HH 2p2Mib BM i?2 /ib2i `2 ?2i2`Q;2M2Qmb rBi? `2bT2+i iQ
ivT2 M/ H2M;i?X h?Bb K2Mb- Bi BM+Hm/2b 72biBpHb r?B+? ?p2  /m`iBQM Q7 b2p2`H /vb b r2HH
b bQ++2` Ki+?2b rBi? QMHv  72r ?Qm`b Q7 /m`iBQMX
h?2 /ib2i BM+Hm/2b i?2 TB+im`2b i?2Kb2Hp2b iQ;2i?2` rBi? K2i/i #Qmi 2+? BK;2X h?2
/i ?b MQi #22M TQbi@T`Q+2bb2/ BM Mv 7b?BQMX h?2`2 `2 bQK2 72im`2b BM i?2 K2i/i HBF2
mTHQ/ iBK2 M/ BM7Q`KiBQM #Qmi i?2 T2`bQM r?Q mTHQ/2/ i?2 TB+im`2b r?B+? `2 pBH#H2 7Q`
2p2`v TB+im`2 rBi?Qmi 2t+2TiBQMX >Qr2p2`- b Bi Bb  `2H@rQ`H/ /ib2i- KQbi Q7 i?2 bbQ+Bi2/
72im`2b `2 QMHv pBH#H2 7Q`  bm#b2i Q7 i?2 TB+im`2bX AM T`iB+mH`- i?Bb TTHB2b iQ i?2 7QHHQrBM;
K2i/i M/ BM7Q`KiBQM #Qmi i?2 BK;2b i?i ?b #22M 72i+?2/ /B`2+iHv 7`QK 6HB+F` mbBM;
i?2B` SA,
Ç lMB[m2 A., h?Bb Bb  mMB[m2 B/2MiB}2` 7Q` i?2 TB+im`2 bbB;M2/ iQ Bi #v 6HB+F` 7i2` Bib
mTHQ/X
Ç lTHQ/2` AM7Q`KiBQM, AM7Q`KiBQM #Qmi i?2 T2`bQM r?Q mTHQ/2/ i?2 TB+im`2 iQ 6HB+F`X
h?Bb BM+Hm/2b  b?Q`i A. b r2HH b i?2 `2H MK2- HQ+iBQM- M/ Qi?2` /i #Qmi i?2
mTHQ/2`X
Ç l_G, GQ+iBQM QM i?2 6HB+F` b2`p2`b r?2`2 i?2 TB+im`2 +M #2 /QrMHQ/2/ 7`QKX
Ç *Tim`2 hBK2biKT, h?Bb /2MQi2b i?2 /i2 M/ iBK2 r?2M i?2 TB+im`2 ?b #22M iF2M
rBi? i?2 +K2` /2pB+2X
Ç lTHQ/ hBK2biKT, hBK2biKT U/i2 M/ iBK2V r?2M i?2 mb2` ?b mTHQ/2/ i?2 TB+im`2
iQ i?2 6HB+F` +QKKmMBiv THi7Q`KX
Ç :2Q;`T?B+ GQ+iBQM, :2Q;`T?B+ HQ+iBQM bT2+B}2/ #v HQM;Bim/2 M/ HiBim/2X
Ç h;b, HH i;b M/ F2vrQ`/b r?B+? `2 bbB;M2/ iQ i?2 T?QiQX h?Bb HbQ BM+Hm/2b i?2
bT2+BH K+?BM2 i;bX
Ç hBiH2, h?2 iBiH2 Q7 i?2 TB+im`2 b +?Qb2M #v i?2 mTHQ/2`X
Ç .2b+`BTiBQM,  /2b+`BTiBQM Q7 i?2 T?QiQX h?Bb Bb  HQM;2` 7`22 i2ti T`QpB/2/ #v i?2
mTHQ/2`X
Ç oB2rb, h?2 MmK#2` Q7 T2`bQMb r?Q ?p2 pB2r2/ i?2 TB+im`2 7`QK i?2 mTHQ/ /i2 iBHH
kyRj@yj@jyX
Ç GB+2Mb2 hvT2, hvT2 Q7 *`2iBp2 *QKKQMb HB+2Mb2 Ub BM/B+i2/VX

 'DWDVHW 6WDWLVWLFV










AM bTBi2 Q7 i?2 7+i i?i KMv TB+im`2b BM i?2 /ib2i BM+Hm/2 1sA6 /i /B`2+iHv 7`QK i?2
+K2`- i?Bb /i Bb MQi /B`2+iHv mb2/ BM i?2 +`2iBQM T`Q+2bb Q7 i?2 K2i/iX L2p2`i?2H2bb-
i?2 1sA6 BM7Q`KiBQM rb mb2/ #v 6HB+F` T`2pBQmbHv iQ +`2i2 i?2 K2i/iě2X ;X i?2 mTHQ/
iBK2 Bb iF2M 7`QK i?2 1sA6 BM7Q`KiBQMX 1p2M i?Qm;? i?2 1sA6 BM7Q`KiBQM rb MQi mb2/- Bi
Bb biBHH bbQ+Bi2/ rBi? i?2 BK;2bX
A7 MQ mb27mH /i Bb bbQ+Bi2/ rBi? i?2 TB+im`2- BX 2X B7 i?2`2 Bb MQ BM7Q`KiBQM #Qmi r?2M i?2
BK;2 ?b #22M +Tim`2/- 6HB+F` mb2b i?2 mTHQ/ iBK2biKT HbQ 7Q` i?2 +Tim`2 iBK2biKTX AM
i?2 /QrMHQ/ Q7 i?2 K2i/i pB i?2 6HB+F` SA- i?2 +Tim`2 iBK2biKT Bb i?mb mM`2HB#H2X AM
Q`/2` iQ 2Mbm`2  ;QQ/ [mHBiv Q7 i?2 /i- i?2 +Tim`2 iBK2 ?b #22M `2KQp2/ 7`QK i?2 +Tim`2
iBK2biKT }2H/ B7 Bi 2[mH2/ i?2 mTHQ/ iBK2X
h?2 K2i/i #Qmi iBK2 BM7Q`KiBQM- ;2Q;`T?B+ HQ+iBQM- M/ i; BM7Q`KiBQM Bb mbmHHv Q7
;QQ/ [mHBivX >Qr2p2`- b Bi Bb  `2H@rQ`H/ /ib2i i?Bb BM7Q`KiBQM Kv #2 BM+Q``2+i M/ i?2`2
Bb MQ ;m`Mi22 i?i i?2 mb2` iQQF +`2 Q7 i?2 +Q``2+iM2bb- 2X ;X B7 i?2 iBK2 M/ /i2 +QM};m`2/
BM i?2 mb2`Ƕb +K2` r2`2 r`QM;- i?2 /i rBHH +QMiBM 7Hb2 iBK2 BM7Q`KiBQMX 7i2`  i?Q`Qm;?
Qp2`HQQF Q7 i?2 /ib2i- r2 /Bb+Qp2`2/ i?i i?2 iBiH2 Q7 i?2 TB+im`2b p2`v Q7i2M +QMiBMb i?2
}H2MK2c i?Bb Bb T`Q#H2KiB+ BM i?2 b2Mb2 i?i Bi Bb MK2/ #v i?2 +K2`- 2X ;X ǳ.a*6ttttǴ-
ǳAJ:ttttǴ- 2i+X h?Bb Kv KBbH2/  H2`MBM; H;Q`Bi?KX HbQ- i?2 /2b+`BTiBQM }2H/ Bb mb2/ #v
bQK2 mTHQ/2`b iQ /p2`iBb2 i?2Kb2Hp2b- iQ ;Bp2 //BiBQMH +QTv`B;?i MQi2b- M/ MQi iQ ;Bp2 
/2b+`BTiBQM Q7 i?2 b?QrM BK;2X
b MQi HH T?QiQ +K2` /2pB+2b `2 2[mBTT2/ rBi? M BMi2`MH :Sa M/ T2QTH2 /Q MQi M2+2b@
b`BHv i; i?2 ;2Q;`T?B+ HQ+iBQM 7i2`r`/b- QMHv #Qmi  HBiiH2 H2bb i?M ?H7 Q7 i?2 /ib2i
?b  ;2Q;`T?B+ TQbBiBQM bbB;M2/X h?2 bK2 TTHB2b 7Q` Qi?2` 72im`2b b QMHv i?2 mTHQ/2`
BM7Q`KiBQM M/ iBK2 Bb  Kmbi QM 6HB+F`X 1t+i biiBbiB+b 7Q` 2+? K2i/i 72im`2 `2 ;Bp2M
BM h#H2 9XkX

&KDSWHU  (YHQW &OXVWHULQJ 'DWDVHW
















b r2 H`2/v ?p2 K2MiBQM2/ #Qp2- HH TB+im`2b `2 HB+2Mb2/ mM/2`  *`2iBp2 *QKKQMb HB+2Mb2X
h?2 2t+i };m`2b Q7 i?2 /Bbi`B#miBQM Q7 i?2 mb2/ HB+2Mb2b `2 ;Bp2M BM h#H2 9XjX q2 QMHv BM+Hm/2/
TB+im`2b BM i?2 /ib2i r?B+? HHQr 7Q` 7`22 /Bbi`B#miBQM- `2KBtBM;- M/ ir2FBM;X h?2`27Q`2- r2
QMHv mb2/ i?2 bm#ivT2b Q7 *`2iBp2 *QKKQMb i?i HHQr iQ mb2 i?2 TB+im`2b HQM; i?2 HBM2b
K2MiBQM2/ #Qp2 b HQM; b i?2 QrM2` Bb +`2/Bi2/ 7Q` ?Bb T?QiQ;`T?c BM T`iB+mH` i?2b2 HB+2Mb2b
`2,
Ç ii`B#miBQM U** "uV
Ç ii`B#miBQM a?`2 HBF2 U** "u@aV
Ç ii`B#miBQM LQM@*QKK2`+BH U** "u@L*V
Ç ii`B#miBQM LQM@*QKK2`+BH a?`2 HBF2 U** "u@L*@aV
h?2 irQ HB+2Mb2b ii`B#miBQM LQ .2`BpiBp2b U** "u@L.V M/ ii`B#miBQM LQM@*QKK2`+BH LQ
.2`BpiBp2b U** "u@L*@L.V r2`2 MQi mb2/ iQ 2Mbm`2 i?i i?2 TB+im`2b M/ K2i/i +M #2
+?M;2/ 7Q` `2b2`+? Tm`TQb2bX h?2 bK2 TTHB2b 7Q` HH Qi?2` HB+2Mb2 ivT2b r?B+? `2 pBH#H2
QM 6HB+F`X
 'DWD 3RLQW 'LVWULEXWLRQ
h?2 `2HiBp2 MmK#2` Q7 TB+im`2b T2` v2` Bb b?QrM BM h#H2 9X9X Ai Bb r`Qi? MQiBM; i?i i?2
/Bbi`B#miBQM Qp2` iBK2 Bb MQi +QMbiMiX  `2bQM 7Q` i?Bb Bb i?2 /2+`2b2/ mb;2 Q7 i?2 QMHBM2
2p2Mi +H2M/`b b i?2 KBM +QKKmMB+iBQM M/ BM7Q`KiBQM b?`BM; #Qmi bQ+BH 2p2Mib ?b
#22M i`MbHQ+i2/ iQ Qi?2` bQ+BH +QKKmMBiv bBi2bX
h?2 /Bbi`B#miBQM Q7 i?2 TB+im`2b T2` 2p2Mi Bb HbQ MQi mMB7Q`KX AM 6B;m`2 9Xk i?Bb /Bbi`B#miBQM
Bb /2TB+i2/ 7Q` i?2 2p2Mib rBi? mT iQ 9y TB+im`2b T2` 2p2Mi- +H2`Hv b?QrBM; i?i i?2 bBx2 Q7 i?2
2p2Mib p`B2b  HQiX q?BH2 j-8N3 2p2Mib BM+Hm/2 QMHv QM2 bBM;H2 BK;2 M/ R-dNN 2p2Mi BM+Hm/2





















Amount of Pictures per Event
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40
)LJXUH  'LVWULEXWLRQ RI SLFWXUHV SHU HYHQW
h?Bb Bb p2`v +?HH2M;BM; b MQi QMHv i?2 MmK#2` Q7 +Hmbi2`b #mi HbQ i?2 +Hmbi2` bBx2 Bb mMFMQrM
#27Q`2?M/X
h?2 9jd-jdy TB+im`2b r2`2 mTHQ/2/ #v 9-Nke 6HB+F` mb2`b- i?mb +Q``2bTQM/BM; `Qm;?Hv iQ Ny
BK;2b mTHQ/2/ T2` T2`bQMX q2 HbQ Q#b2`p2 i?i k-9R3 mb2`b mTHQ/2/ QMHv QM2 bBM;H2 2p2MiX
h?2 iQiH MmK#2` Q7 i;b bbB;M2/ iQ i?2 BK;2b Bb j-999-eRkX h?2`2 `2 NR-kRN mMB[m2 i;bX
#Qmi jkXdW Q7 HH i;b QMHv ?p2 QM2 bBM;H2 Q++m``2M+2 BM i?2 r?QH2 /ib2iX h?Bb Bb MQi
bm`T`BbBM; b i?2 MmK#2` Q7 bBM;H2 TB+im`2 2p2Mib Bb HbQ ?B;?X h?Bb H2/b iQ i?2 bbmKTiBQM i?i
i?2`2 Bb  ?B;? +Q``2HiBQM #2ir22M #Qi?X
 'DWDVHW 5HSUHVHQWDWLRQ )RUPDW DQG 6FKHPD
h?2 TB+im`2b BM+Hm/2/ BM i?2 /ib2i `2 biQ`2/ mbBM; i?2 CS1: BK;2 7Q`Ki rBi?  KtBKH
bBx2 Q7 Ryk9 TBt2Hb 7Q` i?2 HQM;2` M/ de3 TBt2Hb 7Q` i?2 b?Q`i2` bB/2X h?2 }H2b r2`2 /B`2+iHv
/QrMHQ/2/ 7`QK 6HB+F`X h?2 Q`B;BMH 1sA6 BM7Q`KiBQM M/ Qi?2` K2i/i BM+Q`TQ`i2/ BM
i?2 }H2b #v i?2 mTHQ/2` Q` i?2 mTHQ/2`Ƕb +K2` `2 biBHH BMi+i M/ +M #2 mb2/ BM //BiBQM
iQ i?2 H`2/v 2ti`+i2/ K2i/iX
h?2 2ti`+i2/ i2timH K2i/i Q7 i?2 TB+im`2b Bb biQ`2/ mbBM;  /i#b2 bi`m+im`2X h?2 b+?2K
rBi? i?2 +Q``2bTQM/BM; /i#b2 i#H2b 7Q` i?Bb /i Bb b?QrM BM 6B;m`2 9XjX
h?2 i#H2 _2a11.nSA*hl_1a Bb i?2 KBM M/ KQbi BKTQ`iMi i#H2X HH `2H2pMi TB+im`2 K2i@
/i Q7 i?2 /ib2i Bb HBbi2/ BM i?Bb i#H2 mbBM; i?2 mMB[m2 6HB+F` A. Q7 2+? TB+im`2 b i?2 T`BK`v














































































































































)LJXUH  'DWDEDVH VFKHPD IRU WKH 5H6((' GDWDVHW
F2v ~B+F`nTB+im`2nB/X h?2 +QHmKMb +QMiBM HH i2timH M/ MmK2`B+H /i b /2b+`B#2/ BM /2@
iBH BM a2+iBQM 9Xj #mi rBi? i?2 2t+2TiBQM Q7 i?2 i;bX h#H2 _2a11.nSA*hl_1anh:a T`QpB/2b
M bbQ+BiBQM #2ir22M i?2 TB+im`2b M/ HH bbB;M2/ i;bX HH K+?BM2 i;b ?p2 #22M `2KQp2/
7`QK i?2 b2i Q7 i;bX
h?2 bbQ+BiBQMb #2ir22M i?2 TB+im`2 /Q+mK2Mib M/ i?2 +Q``2bTQM/BM; 2p2Mib `2 biQ`2/ BM i?2
i#H2 _2a11.nSA*hl_1an1o1LhaX AM //BiBQM iQ i?2 ;;`2;i2/ 2p2Mi A. b /2b+`B#2/ BM a2+iBQM
9Xk- i?2 BM/BpB/mH 2p2Mi A.b 7`QK i?2 Q`B;BMH QMHBM2 2p2Mi +H2M/` T`QpB/2`b lT+QKBM; M/
HbiX7K `2 HbQ biQ`2/X qBi? i?2 ?2HT Q7 i?2b2 `272`2M+2b i?2 Q`B;BMH /i 7`QK i?2 +H2M/`
T`QpB/2`b +M #2 `2i`B2p2/X
M 2tTHMiBQM Q7 i?2 /i BM+Hm/2/ BM i?2 2p2Mi +H2M/` /i i#H2b _2a11.n1o1LhnlS*PJAL:
b r2HH b _2a11.n1o1LhnGah6J Bb ;Bp2M BM h#H2 9XR iQ;2i?2` rBi? KQ`2 /2iBHb BM a2+iBQM
9XkXkX

 $SSOLFDWLRQV RI WKH 'DWDVHW
 $SSOLFDWLRQV RI WKH 'DWDVHW
h?2 _2a11. /ib2i ?b MQi QMHv #22M +`2i2/ 7Q` i?2 i2biBM; M/ 2pHmiBQM Q7 Qm` 2p2Mi@#b2/
+Hmbi2`BM; 7`K2rQ`F T`2b2Mi2/ Hi2` BM i?Bb rQ`F #mi HbQ iQ bmTTQ`i Qi?2` `2b2`+?2`b BM i?2
}2H/ Q7 bQ+BH 2p2Mi /2i2+iBQM rBi?  7`22Hv pBH#H2 /ib2i HHQrBM; 7Q`  +QKT`BbQM Q7 `2bmHib
7`QK /Bz2`2Mi TT`Q+?2bX h?2 /ib2i ?b H`2/v #22M mb2/ BM i?2 aQ+BH 1p2Mi .2i2+iBQM
ibF- M/ /m2 iQ Bib Mim`2 Bi Bb HbQ mb27mH 7Q` Qi?2` `2b2`+? [m2biBQMb BM i?2 `2 Q7 2p2Mi
/2i2+iBQM M/ b2`+?BM;X
 0HGLD(YDO 
b H`2/v K2MiBQM2/ BM a2+iBQM jXd- i?2 /ib2i rb H`2/v bm++2bb7mHHv mb2/ BM i?2 kyRj
2/BiBQM Q7 i?2 aQ+BH 1p2Mi .2i2+iBQM Ua1.V ibF i J2/B1pHX h?2`2 r2`2 2H2p2M i2Kb rBi?
#Qmi e8 T2QTH2 T`iB+BTiBM; BM i?2 ibFX h?2 ibF /2b+`BTiBQM 7Q` i?2 +?HH2M;2 BMpQHpBM; i?2
/ib2i b T`QTQb2/ #v mb rb iQ ǳT`Q/m+2  +QKTH2i2 +Hmbi2`BM; Q7 i?2 BK;2 /ib2i ++Q`/BM;
iQ 2p2MibǴX
h?2 ibF i?mb +QMbBbi2/ BM i?2 miQKiB+ BM/m+iBQM Q7 2p2Mi@`2Hi2/ +Hmbi2`b 7Q` HH TB+im`2b BM
i?2 /ib2i- /2i2`KBMBM; i?2 MmK#2` Q7 2p2Mib BM i?2 /ib2i miQKiB+HHvX h?Bb Bb +QKT`#H2
rBi? i?2 ibF 2tTHQ`2/ BM i?Bb i?2bBb rBi? i?2 /Bz2`2M+2 i?i i?2 bi`2K@#b2/ b+2M`BQ rb
QTiBQMHX
h?2 +?HH2M;2 ?/ QM2 `2[mB`2/ `mM r?B+? BMpQHp2/ mbBM; QMHv i?2 K2i/iX q2 ?p2 7Q`#B//2M
i?2 mb2 Q7 //BiBQMH /i 7Q` i?Bb `mM U2X ;X pBbmH BM7Q`KiBQM 7`QK i?2 BK;2bV KFBM; HH
TT`Q+?2b +QKT`#H2 rBi? 2+? Qi?2`X 6Q` i?2 Qi?2` `mMb Bi rb HHQr2/ iQ mb2 ;2M2`B+
2ti2`MH `2bQm`+2b HBF2 qBFBT2/B- qQ`/L2i- Q` pBbmH +QM+2Ti /2i2+iQ`b i`BM2/ QM Qi?2` /iX
>Qr2p2`- Bi rb MQi HHQr2/ iQ mb2 2ti2`MH /i i?i rb /B`2+iHv `2Hi2/ iQ i?2 BM/BpB/mH
BK;2b BM+Hm/2/ BM i?2 /ib2i- bm+? b K+?BM2 i;bX
 )XUWKHU $SSOLFDWLRQV
 /Bz2`2Mi +?HH2M;2 Q7 i?2 J2/B1pH kyRj ibF rb  +QK#BM2/ 2p2Mi B/2MiB}+iBQM M/ 2p2Mi
+i2;Q`v /2i2+iBQM ibFX Ai +QMbBbi2/ Q7 i?2 +HbbB}+iBQM Q7 TB+im`2b BMiQ QM2 b2i Q7 TB+im`2b
/2TB+iBM; M 2p2Mi M/ MQi?2` b2i MQi /2TB+iBM; Mv 2p2Mi UMQM@2p2MiVX h?2 TB+im`2b BM i?2
}`bi b2i i?2M b?QmH/ #2 +HbbB}2/ ;BM BMiQ  }t2/ b2i Q7 2B;?i 2p2Mi ivT2b, +QM+2`i- +QM72`2M+2-
2t?B#BiBQM- 7b?BQM- T`Qi2bi- bTQ`ib- i?2i2`  /M+2- M/ Qi?2`bX h?Bb ibF i?mb `2T`2b2Mib
 biM/`/ +HbbB}+iBQM ibF i?i +M #2 //`2bb2/ mbBM; biM/`/ bmT2`pBb2/ +HbbB}+iBQM
TT`Q+?2b M/ 2tTHQBiBM; #Qi? pBbmH 72im`2b M/ K2i/i KFBM; Bi BMi2`2biBM; 7Q` i?2 mb2
rBi? _2a11.X
MQi?2` ibF +QMbBbib Q7 i?2 2M`B+?K2Mi Q7 i?2 /ib2i rBi? Qi?2` ivT2b Q7 bQ+BH K2/B BM7Q`K@
iBQM Bi2Kb +QKBM; 7`QK Qi?2` bQm`+2b i?M 6HB+F`c i?Bb KB;?i #2 hrBii2` Q` Qi?2` bQ+BH M2irQ`F
bBi2b HBF2 6+2#QQFX h?2 /pMi;2 ?2`2 Bb i?i i?2 b2`+? 7Q` //BiBQMH Ki2`BH 7Q` i?2 H#2H2/
+Hbb2b Bb H2bb 2tT2MbBp2 i?M i?2 +`2iBQM Q7 M2r H#2Hb Q7 v2i mMFMQrM +Hbb2bX

&KDSWHU  (YHQW &OXVWHULQJ 'DWDVHW
qBi?Qmi Mv KQ/B}+iBQM- _2a11. +M 7m`i?2` #2 mb2/ BM HH FBM/ Q7 ibFb `2Hi2/ iQ i?2
b2KMiB+ b2`+? M/ BM7Q`KiBQM `2i`B2pH Q7 TB+im`2b M/fQ` bQ+BH K2/B 2p2MibX
 (YDOXDWLRQ 3URSRVDO IRU &RPSDUDELOLW\
hQ KF2 i?2 TT`Q+?2b 2pHmi2/ rBi? i?2 ?2HT Q7 i?Bb /ib2i +QKT`#H2- r2 ?p2 bTHBi i?2
/ib2i BMiQ  i`BMBM; M/ M 2pHmiBQM T`iX q2 HbQ T`QTQb2 +2`iBM 2pHmiBQM K2bm`2b iQ
2Mbm`2 ;QQ/ +QKT`#BHBivX
'DWDVHW 6SOLWV IRU 7UDLQLQJ DQG 7HVW
_2a11. ?b #22M bTHBi BMiQ irQ T`ibX q2 /2+H`2/ dyW Q7 i?2 /ib2i iQ +QMbiBimi2 i?2
i`BMBM; b2ic i?2 `2bi Bb bmTTQb2/ iQ #2 mb2/ 7Q` 2pHmiBQM Tm`TQb2bX h?2 bTHBib r2`2 K/2
rBi?Qmi i?2 Qp2`HT Q7 Mv 2p2MibX hQ 2Mbm`2 i?i #Qi? T`ib BM+Hm/2 bBKBH` /i- BX 2X BM `2;`/
iQ i?2 MmK#2` Q7 2p2Mib- i?2 bBx2 Q7 2p2Mib- M/ i?2 mTHQ/ iBK2biKTb- i?2 bTHBib ?p2 #22M
+`2i2/ rBi? i?2 7QHHQrBM; bi2Tb,
RX HH 2p2Mib Q7 i?2 /ib2i `2 Q`/2`2/ #v i?2B` MmK#2` Q7 TB+im`2b BM+Hm/2/ BM i?2 2p2MiX
kX ai`iBM; rBi? i?2 H`;2bi 2p2Mi- i?2 2p2Mib `2 bbB;M2/ iQ bTHBi R i?`Qm;? Ry BM /2b+2M/BM;
Q`/2` Q7 i?2B` 2p2Mi bBx2X 1X ;X i?2 H`;2bi 2p2Mi Bb bbB;M2/ iQ bTHBi R- i?2 b2+QM/ H`;2bi
iQ bTHBi k- i?2 i2Mi? H`;2bi iQ bTHBi Ry- i?2 2H2p2Mi? H`;2bi iQ bTHBi R- M/ bQ QMX
jX A7  bTHBi Bb 7mHH- BX 2X Bi +QMiBMb 2t+iHv QM2 i2Mi? Q7 i?2 Qp2`HH KQmMi Q7 TB+im`2b Ur?B+?
Bb BM Qm` +b2 9j-djdV- r2 bFBT i?i bTHBiX b i?2 MmK#2` Q7 2p2Mib BM+Hm/BM; QMHv irQ Q`
QM2 TB+im`2 Bb H`;2- i?2`2 `2 MQ T`Q#H2Kb rBi? 2p2Mib MQi }iiBM; BMiQ  bTHBi Ub22 HbQ
9XkVX
9X h?2 }MH dyfjy T`ib `2 i?2M +`2i2/ #v K2`;BM; bTHBib 9ĜRy b r2HH b bTHBib RĜj iQ i?2
i`BMBM; M/ i2bi b2i- `2bT2+iBp2HvX
(YDOXDWLRQ 0HDVXUHV
6Q` 2pHmiBQM r2 T`QTQb2 iQ mb2 /Bz2`2Mi 2pHmiBQM K2bm`2b BM Q`/2` iQ +QKT`2 i?2 `2bmHib
Q7 i?2 T`Q/m+2/ +Hmbi2`BM; iQ i?2 ;`QmM/ i`mi? BM7Q`KiBQM i?i ?b #22M +QKTBH2/ 7`QK i?2
2p2Mi +H2M/`bX HH 2pHmiBQM K2bm`2b `2im`M pHm2b BM i?2 `M;2 Q7 (yXXR) r?2`2 ?B;?2` pHm2b
BM/B+i2  #2ii2` ;`22K2Mi rBi? i?2 ;QH/ biM/`/X h?2 i?`22 2pHmiBQM K2bm`2b `2 i?2
7QHHQrBM;,
Ç 61@a+Q`2, q2 T`QTQb2 61@a+Q`2 iQ #2 mb2/ b i?2 KBM 2pHmiBQM K2bm`2X AM i?2 2pH@
miBQM b+`BTi T`QpB/2/ iQ;2i?2` rBi? i?2 /ib2i- i?2 KB+`Q@p2`;2/ p2`bBQM rb mb2/ iQ
+H+mHi2 i?2 ?`KQMB+ K2M Q7 T`2+BbBQM M/ `2+HHX h?Bb K2bm`2b i?2 TT`QT`Bi2M2bb
Q7 i?2 2p2Mi +Hmbi2`bX
Ç LJA , LQ`KHBx2/ JmimH AM7Q`KiBQM ULJAV Bb mb2/ iQ +QKTmi2 i?2 Qp2`HT #2ir22M i?2
+Hmbi2`bX

 $SSOLFDWLRQV RI WKH 'DWDVHW
Ç .Bp2`;2M+2 7`QK  _M/QK "b2HBM2, h?Bb K2i?Q/ BM/B+i2b ?Qr Km+? i?2 `2bmHib /Bp2`;2
7`QK  `M/QK #b2HBM2 b /2b+`B#2/ BM o`B2b- :2p- M/ h`QiKM (o:hRk)X h?Bb Bb
T`QTQb2/ iQ #2 mb2/ b  bMBiv +?2+FX
HH i?2 K2bm`2K2Mib `2 BKTH2K2Mi2/ BM M 2pHmiBQM b+`BTi /2HBp2`2/ iQ;2i?2` rBi? i?2
/ib2i3 bQ i?i H;Q`Bi?Kb +M #2 +QKT`2/ 2bBHv iQ Qi?2` `2bmHibX M 2t+i /2}MBiBQM Q7 2+?











6\VWHP 'HVFULSWLRQ RI WKH 6WUHDP
&ODVVLILFDWLRQ )UDPHZRUN IRU D
6LQJOH3DVV 6HWWLQJ
AM i?2 T`2pBQmb +?Ti2`- r2 T`2b2Mi2/  `2H@rQ`H/ M/ MQM@iQv bQ+BH K2/B /ib2i rBi? BK;2bX
q2 K/2 bm`2 i?i i?2 /Q+mK2Mib BM+Hm/2/ BM i?2 /ib2i #2HQM; iQ 2t+iHv QM2 2p2MiX h?Bb
/ib2i Bb T`QiQivTB+H 7Q`  `2H@rQ`H/ TTHB+iBQM r?2`2 i?2 BK Bb iQ B/2MiB7v M/ /2i2+i
/BbiBM+i 2p2Mib rBi?BM i?2 b2iX q2 +QM/m+i i?Bb T`Q+2bb BM Q`/2` iQ T`2T`2 M/ Q`;MBx2 i?2
bQ+BH K2/B /Q+mK2MiběBM Qm` +b2 TB+im`2běBM  rv i?i 2M#H2b T2QTH2 iQ #2ii2` #`Qrb2
M/ b2`+? i?2 /i KQ`2 Mim`HHvX
1p2M i?Qm;? i?2 /ib2i +M #2 mb2/ b  }t2/ b2i r?2`2 HH Bi2Kb rBi?BM i?2 /ib2i `2
++2bbB#H2 i 2p2`v KQK2Mi- Qm` BMi2Mi Bb iQ mb2 Bi BM  rv r?2`2 i?2 /i Bb ``BpBM; +QMiBMmQmbHvX
h?Bb b22Kb iQ #2 Mim`H b BM `2H@rQ`H/ TTHB+iBQMb i?2 /Q+mK2Mib HbQ ``Bp2 }`bi 7i2` i?2v
?p2 #22M TQbi2/ Q` mTHQ/2/ iQ i?2 bQ+BH K2/B bBi2X h?Bb Bb BM HBM2 rBi? i?2 T2`bT2+iBp2 Q7 i?2
Q`;MBxiBQMb ?QbiBM;  bQ+BH K2/B TTHB+iBQM 7`QK r?2`2 i?2 mTHQ/2/ TQbiBM;b- K2bb;2b-
TB+im`2b- 2i+X +M #2 b22M b M 2tTQM2MiBHHv ;`QrBM; M/ M2p2`@2M/BM; bi`2K Q7 /iX q2
/2MQi2 bm+?  b+2M`BQ b bi`2K b2iiBM;X AM bm+?  b2iiBM;- Bi Bb MQi TQbbB#H2 /m`BM; i?2 T`Q+2bb
iQ FMQr r?B+? /Q+mK2Mi ``Bp2b M2ti #27Q`2 Bi +imHHv TT2`b BM i?2 /i bi`2KX 6Q` i?i
`2bQM- i?2 /Q+mK2Mib BM i?2 /ib2i `2 Q`/2`2/ #v i?2 iBK2biKT /2MQiBM; i?2 iBK2 r?2M
i?2v ?p2 #22M mTHQ/2/ iQ i?2 6HB+F` +QKKmMBiv bBi2X
:Bp2M i?2 #Qp2 2tTHMiBQMb- Qm` BK Bb iQ /2p2HQT  bvbi2K HHQrBM; 7Q` M miQKi2/ +Hmbi2`@
BM; Q7 bm+?  /i bi`2K Q7 bQ+BH K2/B /Q+mK2MibX am+? +Hmbi2`BM; +QmH/ b2`p2 b T`2T`iBQM
7Q`  #2ii2` Q`;MBxiBQM Q7 i?2 /iX Ai b22Kb +H2` i?i i?2`2 Bb M BKT2M/BM; M22/ 7Q` bm+? M
miQKiB+ i2+?MB[m2 i?i T2`7Q`Kb i?2 bbB;MK2Mi Q7  bQ+BH K2/B /Q+mK2Mi r?B+? ?b #22M
M2rHv mTHQ/2/ iQ bQK2 bQ+BH K2/B bBi2 HBF2 6HB+F` iQ Bib +Q``2bTQM/BM; 2p2Mi Q`- B7 Bi /Q2b MQi
2tBbi v2i- +`2i2b  M2r 2p2Mi iQ r?B+? 7mim`2 /i TQBMib +M #2 bbB;M2/X AM HBM2 rBi? T`2pBQmb
rQ`F r2 `272` iQ i?Bb T`Q#H2K b i?2 bQ+BH 2p2Mi /2i2+iBQM T`Q#H2KX h?2 T`Q#H2K bii2K2Mi Q7
i?Bb ibF Bb b 7QHHQrb,

&KDSWHU  6\VWHP 'HVFULSWLRQ RI WKH 6WUHDP &ODVVLƓFDWLRQ )UDPHZRUN IRU D 6LQJOH3DVV 6HWWLQJ
3UREOHP :Bp2M  /i bi`2K Q7 bQ+BH K2/B /Q+mK2Mib r?2`2 2+? /Q+mK2Mi Bb bbQ+Bi2/
iQ M mMFMQrM 2p2Mi- Qm` ;QH Bb iQ /Bb+Qp2` i?2b2 2p2Mib M/ B/2MiB7v r?B+? /Q+mK2Mib `2
bbQ+Bi2/ iQ i?2 bK2 2p2MiX !
q?2M +QMbB/2`BM; i?2 ibF Q7 bQ+BH 2p2Mi /2i2+iBQM- r2 `2 i?mb 7+2/ rBi? i?2 +?HH2M;2 Q7
+HbbB7vBM;  KbbBp2 M/ M2p2`@2M/BM; bi`2K Q7 /i BMiQ i?2B` +Q``2bTQM/BM; 2p2MibX q2
i?2`27Q`2 +bi i?2 T`Q#H2K b  +HbbB}+iBQM T`Q#H2KX h?2`2 `2 i H2bi i?`22 +?HH2M;2b
BMpQHp2/ BM /2p2HQTBM;  bvbi2K i?i +M +Hmbi2` /i bi`2Kb b Q`B;BMiBM; BM bQ+BH K2/B
TTHB+iBQMb BMiQ 2p2Mi +i2;Q`B2bX h?2 }`bi +?HH2M;2 Bb iQ /2H rBi? i?2 KbbBp2 KQmMi
Q7 /i ``BpBM; T2` KBMmi2X h?2 b2+QM/ +?HH2M;2 Bb iQ +HbbB7v /Q+mK2Mib BMiQ TQi2MiBHHv
KBHHBQMb Q7 2p2MibX M/ i?2 i?B`/ +?HH2M;2 Bb iQ /2H rBi? i?2 7+i i?i i?2 b2i Q7 2p2Mib iQ
r?B+? /Q+mK2Mib `2 bbB;M2/ Bb +QMbiMiHv ;`QrBM;X
AM M B/2H +b2- 2+? +`2i2/ 2p2Mi +Hmbi2` +Q``2bTQM/b iQ 2t+iHv QM2 `2H@rQ`H/ bQ+BH 2p2MiX
AM //BiBQM- bm+?  +Hmbi2` +QMbBbib Q7 HH i?2 bQ+BH K2/B /Q+mK2Mib r?B+? `2 `2Hi2/ iQ i?i
2p2MiX h?2 H;Q`Bi?K Q7 +?QB+2 b?QmH/ #2 b+H#H2 iQ /2H rBi? i?2 pbiM2bb Q7 bQ+BH K2/B
/i M/ b?QmH/ #2 #H2 iQ ?M/H2 i?2 KbbBp2 KQmMib Q7 /i ``BpBM; BM b?Q`i iBK2X .m2
iQ i?2 ;`QrBM; Mim`2 Q7 i?2 i`;2i +i2;Q`B2běbQ+BH K2/B bBi2b `2 +QMbiMiHv ;`QrBM; M/
2pQHpBM;ěbiM/`/ bmT2`pBb2/ H2`MBM; i2+?MB[m2b bbmKBM; i?2 i`;2i +i2;Q`B2b `2 }t2/ `2
H2bb bmBi2/ 7Q` i?2 ibFX 6Q` 2tKTH2- KQ`2 i`/BiBQMH +Hmbi2`BM; H;Q`Bi?Kb HBF2 E@J2Mb Q`
1tT2+iiBQMĜJtBKBxiBQM `2[mB`2 FMQrH2/;2 #Qmi i?2 MmK#2` Q7 +i2;Q`B2b #27Q`2?M/X h?Bb
H2/b mb iQ /2p2HQT  7`K2rQ`F Qp2`+QKBM; i?2b2 HBKBiiBQMb M/ KFBM;  +Hmbi2`BM; Q7 bQ+BH
K2/B /Q+mK2Mib TQbbB#H2X
h?2`27Q`2- BM i?Bb +?Ti2`- r2 BMi`Q/m+2 Qm` 1p2Mi@#b2/ ai`2K *HbbB}+iBQM 6`K2rQ`F r?B+?
r2 /2p2HQT2/ 7Q` 2p2Mi +Hmbi2`BM; mbBM;  bBM;H2@Tbb bi`i2;vX q2 rBHH b?Qr i?i i?2 bvbi2K
T`2b2Mi2/ BM i?Bb /Bbb2`iiBQM Bb BM/22/ +T#H2 Q7 +Hmbi2`BM;  bQ+BH K2/B /Q+mK2Mib bi`2K
BMiQ i?2 +Q``2bTQM/BM; 2p2Mib M/ Bb #H2 iQ T`Q+2bb i?2 bQ+BH K2/B /ib2i T`2b2Mi2/ #27Q`2
//`2bbBM; i?2 #Qp2 K2MiBQM2/ i?`22 +?HH2M;2bX q2 7`K2 i?2 T`Q#H2K b  bi`2K /i
+HbbB}+iBQM T`Q#H2K H2/BM; iQ  bmT2`pBb2/ +HbbB}+iBQM 7`K2rQ`FX 1+? M2r /i TQBMi
mTHQ/2/ iQ i?2 bvbi2K Bb 2Bi?2` +HbbB}2/ BMiQ QM2 Q7 i?2 2tBbiBM; 2p2Mib Q`  M2r 2p2Mi Bb
+`2i2/ BM i?2 bvbi2KX
 3UREOHP 6WDWHPHQW
h?2 T`Q#H2K Q7 bQ+BH 2p2Mi /2i2+iBQM BM bQ+BH K2/B +M #2 7Q`KmHi2/ b  bmT2`pBb2/ +Hb@
bB}+iBQM T`Q#H2KX h?2 mM/2`HvBM; bBKBH`Biv 7mM+iBQM M/ Qi?2` T`K2i2`b Q7 i?2 +Hmbi2`BM;
H;Q`Bi?K `2 QTiBKBx2/ mbBM; H#2H2/ /iX
G2i E #2 i?2 b2i Q7 HH 2p2Mi +Hmbi2`bX AM T`BM+BTH2 r2 M22/  7mM+iBQM at /2}M2/ b 7QHHQrb,
at : D → Et U8XRV

 3UREOHP 6WDWHPHQW
h?Bb 7mM+iBQM at bbB;Mb  /Q+mK2Mi d ∈ D iQ bQK2 Q7 i?2 2p2Mib E pBH#H2 i iBK2 tX AM
Qm` +b2 i?2 2p2Mib Et `2 i?2 +Hmbi2`bX b i?2 MmK#2` Q7 /Q+mK2Mib M/ i?2 MmK#2` Q7 2p2Mi
+Hmbi2`b Bb mMFMQrM- r2 BK iQ /2T2M/ QM  bBKBH`Biv 7mM+iBQM sim 7Q` Qm` /2+BbBQMX A7  M2r
2p2Mi /2i2+iBQM 7mM+iBQM mbBM;  72im`2 p2+iQ` v⃗new(d) /Q2b MQi /2+B/2 QM i?2 +`2iBQM Q7  M2r
2p2Mi- i?Bb 7mM+iBQM sim bbB;Mb  /Q+mK2Mi iQ i?2 2p2Mi +Hmbi2` KtBKBxBM; i?2 bBKBH`Biv,




h?2 /2bB`2/ bBKBH`Biv 7mM+iBQM iQ #2 H2`M2/ i?mb ?b i?2 7QHHQrBM; 7Q`K,
sim : D × Et → [0..1] U8XjV
 +2Mi`H [m2biBQM Bb r?B+? KQ/2H iQ bbmK2 7Q` bm+?  7mM+iBQMX AM Qm` TT`Q+? r2 bbmK2
 HBM2` KQ/2HX h?2`27Q`2- r2 mb2 72im`2b bm+? b iBK2- HQ+iBQM- i;b- iBiH2b- 2i+X h?2 72@
im`2b +Q``2bTQM/ 2bb2MiBHHv iQ bBKTH2 bBKBH`Biv K2bm`2b 7Q` /Bz2`2Mi /BK2MbBQMbX h?2 +imH
bBKBH`Biv #2ir22M  /Q+mK2Mi M/ M 2p2Mi Bb +H+mHi2/ mbBM; i?2 7QHHQrBM; HBM2` KQ/2H,
'HƓQLWLRQ ě 6LPLODULW\ IXQFWLRQ
sim(d, e) = w⃗ T v⃗sim(d, e) U8X9V
AM 1[miBQM U8X9V- w⃗ /2MQi2b  r2B;?i p2+iQ` M/ v⃗sim Bb i?2 72im`2 p2+iQ` Q7  /Q+mK2Mi@2p2Mi
TB`X h?2`27Q`2- i?2 T`Q#H2K Bb iQ QTiBKBx2 i?2 r2B;?i p2+iQ` w⃗ěM/ i?mb i?2 7mM+iBQM simě7Q`
i?2 ibF Q7 bbB;MBM; /Q+mK2Mib iQ i?2 Ki+?BM; 2p2MiX
AM Q`/2` iQ 7Q`KHBx2 i?2 B/2- H2i mb BMi`Q/m+2 bQK2 i2`KBMQHQ;vX G2i di #2  /i TQBMi iQ #2
bbB;M2/ iQ bQK2 +Hmbi2`X G2i event(di) #2 i?2 +Q``2+i +Hmbi2` 7Q` di ++Q`/BM; iQ Qm` H#2H2/
i`BMBM; /iX q2 /2}M2 i?2 7QHHQrBM; 7mM+iBQMb,
Ç  7mM+iBQM centroid bbB;MBM; 2+? 2p2Mi  +2Mi`QB/ p2+iQ` p2`;BM; Qp2` HH /i Bi2Kb
#2HQM;BM; iQ i?Bb 2p2Mi, centroid : E → RnX
Ç  7mM+iBQM event bbB;MBM; 2+? /Q+mK2Mi di iQ Bib +Q``2bTQM/BM; 2p2Mi, event : di → EX
h?Bb 7mM+iBQM Bb QMHv mb2/ 7Q` 2pHmiBQM Tm`TQb2bX
Ç  7mM+iBQM /2}MBM; i?2 2ti2MbBQM ext Q7  +2`iBM 2p2Mi e ∈ E +QMbBbiBM; Q7 HH /i Bi2Kb
#2HQM;BM; iQ i?Bb 2p2Mi, ext : E → P(D)X





















)LJXUH  2YHUYLHZ RI WKH HYHQW FOXVWHULQJ IUDPHZRUN V\VWHP
 2YHUYLHZ RI WKH &OXVWHULQJ )UDPHZRUN
AM i?2 7QHHQrBM; r2 /2KQMbi`i2 ?Qr Qm` 7`K2rQ`F +M ?M/H2 M BM+QKBM; /i bi`2K Q7
/Q+mK2Mib D BM Q`/2` iQ +Hmbi2` i?2b2 /Q+mK2Mib BMiQ i?2B` +Q``2bTQM/BM; 2p2Mib EX Pm` bvbi2K
T`Q+2bb2b bm+? M BM+QKBM; bi`2K Q7 /Q+mK2Mib D BM b2p2`H bi2TbX b HbQ /2TB+i2/ ;`T?B+HHv
BM 6B;m`2 8XR- 7Q` 2+? BM+QKBM; /Q+mK2Mi d ∈ D i?2 7QHHQrBM; bi2Tb `2 +QM/m+i2/,
RX *M/B/i2 _2i`B2pH,  b2i E Q7 k 2p2Mib i?i d Bb HBF2Hv iQ #2HQM; iQ `2 `2i`B2p2/ 7`QK
i?2 2p2Mi /i#b2 Ub22 HbQ a2+iBQM jX8XjVX
kX a+Q`BM; M/ _MFBM;, 6Q` 2+? Q7 i?2b2 +M/B/i2b e ∈ E `2i`B2p2/ BM i?2 T`2pBQmb bi2T-
r2 +QKTmi2 i?2 T`Q##BHBiv P (e|d) Q7 d #2HQM;BM; iQ EX HH +M/B/i2b `2 i?2M `MF2/
++Q`/BM; iQ i?i T`Q##BHBivX G2i emax Q` e1 /2MQi2 i?2 iQT b+Q`BM; +M/B/i2X
jX L2r 1p2Mi .2+BbBQM S`Q##BHBiv, :Bp2M i?2 `MF2/ HBbi Q7 +M/B/i2b- i?2 T`Q##BHBiv-
i?i d #2HQM;b iQ  M2r 2p2Mi- Pnew(d)- Q` i?i Bi #2HQM;b iQ i?2 }`bi 2p2Mi BM i?2 HBbi-
Pbelongsntontopncand(d)- Bb +QKTmi2/X q2 bbmK2 i?i i?2b2 `2 i?2 QMHv irQ QTiBQMb- BX 2X
Pnew(d) Y Pbelongsntontopncand(d) = 1X
9X L2r 1p2Mi .2i2+iBQM, A7 Pnew(e) > θn- 7Q`  ;Bp2M i?`2b?QH/ θn-  M2r 2p2Mi e′ Bb +`2i2/
M/ d Bb bbB;M2/ iQ i?Bb M2rHv +`2i2/ 2p2Mi, e⃗′ := d⃗X

 2YHUYLHZ RI WKH &OXVWHULQJ )UDPHZRUN
H;Q`Bi?K 8XR, ai`2K@#b2/ +Hmbi2`BM; BMiQ 2p2Mib
AMTmi ,  bi`2K Q7 bQ+BH K2/B /Q+mK2Mib D
PmiTmi , .Q+mK2Mib +Hmbi2`2/ #v i?2B` 2p2Mi
7Q`2+? d ∈ D /Q
Topk(d)← `2i`B2p2  `MF2/ HBbi Q7 T`QKBbBM; 2p2Mi +M/B/i2b iQ r?B+? d +QmH/ #2HQM;c
7Q`2+? e ∈ Topk(d) /Q
+QKTmi2 P (e|d)c ff i?2 T`Q##BHBiv i?i d #2HQM;b iQ e
2M/
emax ← `; Kte′∈Topk(d) P (e′|d)c
+QKTmi2 Pnew(d)c ff i?2 T`Q##BHBiv i?i d #2HQM;b iQ  M2r 2p2Mi
B7 Pnew(d) > θn i?2M








8X 1p2Mi *HbbB}+iBQM, Pi?2`rBb2- d Bb bbB;M2/ iQ emaxc i?2 +2Mi`QB/ e⃗max Bb `2+QKTmi2/X
h?2 #Qp2 T`Q+2/m`2 Bb BHHmbi`i2/ KQ`2 7Q`KHHv #v i?2 Tb2m/Q+Q/2 BM H;Q`Bi?K 8XRX h?2`2
`2 bQK2 +`m+BH bT2+ib Q7 Qm` TT`Q+? r?B+? r2 /2b+`B#2 BM i?2 7QHHQrBM;X q2 `2 TQBMiBM;
iQ i?2 `2H2pMi b2+iBQMb r?2`2 i?2 +Q``2bTQM/BM; +QKTQM2Mib `2 /2b+`B#2/ BM KQ`2 /2iBHX
Ç UV h?2 +M/B/i2 `2i`B2pH bi2T `2HB2b QM  b2i Q7 [m2`B2b i?i #mBH/ QM TT`QT`Bi2
BMp2`i2/ BM/B+2b U7Q` i2ti /i HBF2 i;bV b r2HH b QM iBK2biKTb iQ `2i`B2p2  b2i Q7
T`QKBbBM; +M/B/i2bX h?Bb bi2T Bb +`m+BH iQ F22T i?2 TT`Q+? b+H#H2 M/ iQ pQB/
?pBM; iQ T`Q+2bb HH 2p2Mib biQ`2/ BM i?2 /i#b2X h?Bb bi2T Bb /2b+`B#2/ BM KQ`2 /2iBH
BM a2+iBQM 8XjX
Ç U"V b 72im`2 `2T`2b2MiiBQM- r2 +QKTmi2  MmK#2` Q7 bBKBH`BiB2b #2ir22M  /Q+mK2Mi
d M/ 2+? 2p2Mi e 7`QK i?2 HBbi Q7 iQT@k `2i`B2p2/ 2p2MibX h?Bb Bb /2b+`B#2/ BM KQ`2 /2iBH
BM a2+iBQM 8X9X
Ç U*V h?2 #Qp2 K2MiBQM2/ T`Q##BHBiB2b P (e|d) M/ Pnew(d) `2 +QKTmi2/ mbBM; /Bz2`2Mi
K+?BM2 H2`MBM; TT`Q+?2b HBF2 amTTQ`i o2+iQ` J+?BM2b Q` .2+BbBQM h`22b i`BM2/ QM
M TT`QT`Bi2 i`BMBM; /ib2iX "2HQr- r2 /2b+`B#2 BM KQ`2 /2iBH ?Qr i?2b2 TT`Q+?2b
`2 i`BM2/ M/ ?Qr i?2 T`Q##BHBiB2b `2 +QKTmi2/X 1+? KQ/2H Bb i`BM2/ QM  b2T`i2
i`BMBM; /i bTHBiX h?Bb Bb /2b+`B#2/ BM KQ`2 /2iBH BM a2+iBQM 8X8X
Ç U.V M BKTQ`iMi T`K2i2` Bb i?2 ?vT2`T`K2i2` θn- r?B+? 2bb2MiBHHv /2i2`KBM2b
r?2i?2`  M2r 2p2Mi Bb +`2i2/ Q` i?2 M2r /i Bi2K Bb bbB;M2/ iQ M 2tBbiBM; 2p2Mi BM i?2

&KDSWHU  6\VWHP 'HVFULSWLRQ RI WKH 6WUHDP &ODVVLƓFDWLRQ )UDPHZRUN IRU D 6LQJOH3DVV 6HWWLQJ
/i#b2X h?Bb ?vT2`T`K2i2` Bb HbQ imM2/ QM i?2 i`BMBM; /i bTHBiX h?Bb BKTQ`iMi
bi2T 7Q` i?2 M2r 2p2Mi /2+BbBQM Bb /2b+`B#2/ 7m`i?2` BM a2+iBQM 8Xe
h?2 /Bz2`2Mi bi2Tb K2MiBQM2/ #Qp2 `2 HH /2b+`B#2/ BM /2iBH BM i?2 7QHHQrBM; b2+iBQMbX
 &DQGLGDWH 5HWULHYDO 6WUDWHJLHV
AM bi`2K@#b2/ M/ H`;2@b+H2 +Hmbi2`BM; i?2 KQbi +`m+BH TQBMi Bb b+H#BHBivX >Qr2p2`- Bi Bb
+?HH2M;BM; iQ /2p2HQT i2+?MB[m2b r?B+? b+H2 iQ i?2 KQmMib Q7 /i pBH#H2 BM bQ+BH K2/B
TTHB+iBQMbX Pm` ;QH Bb iQ bmTTQ`i i?2 +HbbB}+iBQM Q7 BM+QKBM; /Q+mK2Mib BMiQ 2p2Mib BM `2H
iBK2X
 p2`v 2z2+iBp2 i2+?MB[m2 iQ b+H2 mT M/ +?B2p2 `2H@iBK2 #2?pBQ` Bb iQ mb2  bmBi#H2 +M/B/i2
`2i`B2pH bi`i2;vX h?2 B/2 Bb iQ `2/m+2 i?2 b2i Q7 2p2Mib i?i `2 +QMbB/2`2/ 7Q` 2p2`v BM+QKBM;
/Q+mK2MiX b i?2`2 KB;?i #2 #BHHBQMb Q7 2p2Mib BM i?2 /i#b2- Bi Bb MQi 72bB#H2 iQ b+M HH
i?2b2 2p2Mib iQ +QKTmi2 i?2 HBF2HB?QQ/ i?i i?2 BM+QKBM; /Q+mK2Mi #2HQM;b iQ BiX 6Q` i?Bb
Tm`TQb2- +M/B/i2 `2i`B2pH Q` bQ@+HH2/ #HQ+FBM; bi`i2;B2b `2 ivTB+HHv +QMbB/2`2/ ("**yj)-
r?B+? KbbBp2Hv `2/m+2 i?2 KQmMi Q7 TB`b UBM Qm` +b2 i?2b2 `2 TB`b Q7 /Q+mK2Mi M/ 2p2MiV
iQ #2 +QMbB/2`2/X h?2 `2bQM 7Q` mb iQ `2/m+2 i?2 MmK#2` Q7 +M/B/i2b Bb i?i i?2 T`2/B+iBQMb
Q7 Qm` +HbbB}2` M22/ iQ #2 +H+mHi2/ 7Q` 2+? +M/B/i2 2p2Mi- BX 2X i?2 T`Q##BHBiv P (d|e) i?i
i?2 /Q+mK2Mib #2HQM;b iQ i?Bb 2p2MiX h?Bb +QKTmiiBQM Bb HBM2` BM i?2 MmK#2` Q7 2p2Mib- r?B+?
+M #2 T`Q?B#BiBp2 B7 i?2 MmK#2` Q7 2p2Mib Bb H`;2- 7Q` 2tKTH2 BM i?2 `2;BQM Q7 KBHHBQMb Q` 2p2M
#BHHBQMbX
q?2M mbBM;  +M/B/i2 `2i`B2pH i2+?MB[m2-  +`m+BH Bbbm2 i?i `Bb2b Bb iQ 2Mbm`2 i?i i?2
#HQ+F2` Bb M2Bi?2` iQQ bi`B+i- i?mb }Hi2`BM; iQQ Km+?- MQ` iQQ H2MB2Mi- TQbbB#Hv TbbBM; QM iQQ
Km+? MQBb2 iQ i?2 +HbbB}+iBQM H;Q`Bi?KX  +2`iBM +M/B/i2 `2i`B2pH bi`i2;v KB;?i i?mb #2
2{+B2Mi 7`QK  +QKTmiiBQMH TQBMi Q7 pB2r #mi iQQ bi`B+i- i?mb ?pBM; M Qp2`HH /2i`BK2MiH
2z2+i QM i?2 Qp2`HH T2`7Q`KM+2 Q7 i?2 KBM H;Q`Bi?KX
h?2`27Q`2- r2 `2[mB`2 M 2p2Mi +M/B/i2 `2i`B2pH bi`i2;v ci i?i- B/2HHv- BV `2i`B2p2b i?2 +Q``2+i
2p2Mi M/ KBMBKBx2b i?2 Qp2`HH MmK#2` Q7 `2i`B2p2/ 2p2Mib M/ i?mb BBV }Hi2`b Qmi b KMv Q7
i?2 B``2H2pMi 2p2Mib b TQbbB#H2 BM Q`/2` iQ `2/m+2 i?2 +QKTmiiBQMH +Qbi Q7 TQbi@T`Q+2bbBM;
i?2 `2i`B2p2/ 2p2MibX
 0HDVXUHPHQWV IRU 3HUIRUPDQFH DQG (IIHFWLYHQHVV
AM i?Bb b2+iBQM r2 /2}M2 +`Bi2`B QM ?Qr r2 +M bb2bb /Bz2`2Mi +M/B/i2 `2i`B2pH bi`i2;B2bX
q2 `2 BMi2`2bi2/ BM 2bT2+BHHv irQ 7+iQ`b, BV 2z2+iBp2M2bb M/ BBV T2`7Q`KM+2X
h?2 2z2+iBp2M2bb Bb mb2/ iQ MHvx2 ?Qr KMv /i TQBMib ?p2 iQ #2 `2i`B2p2/ BM Q`/2` iQ
BM+Hm/2 i?2 `2[mB`2/ /i TQBMibX q2 K2bm`2 i?Bb 2z2+iBp2M2bb Q7  +M/B/i2 `2i`B2pH bi`i2;v
ci i  MmK#2` k Q7 `2i`B2p2/ 2p2Mib b BM 1[miBQM U8X8V,

 &DQGLGDWH 5HWULHYDO 6WUDWHJLHV
'HƓQLWLRQ ě (IIHFWLYHQHVV RI D FDQGLGDWH UHWULHYDO VWUDWHJ\
1z2+iBp2M2bb(ci, k) = |{d | 2p2Mi(d) ∈ iQTk(ci)}||D| U8X8V
q?2`2 2p2MiUdV Bb i?2 +Q``2+i 2p2Mi 7Q`  /Q+mK2Mi d ++Q`/BM; iQ i?2 ;QH/ biM/`/- M/
iQTkUciV Bb i?2 b2i Q7 iQT k 2p2Mib `2i`B2p2/ #v i?2 +M/B/i2 `2i`B2pH bi`i2;v ciX
h?2 T2`7Q`KM+2 K2bm`2K2Mi Bb mb2/ iQ ;2i BM7Q`KiBQM #Qmi i?2 `2i`B2pH iBK2 M/ i?mb i?2
+QKTmiiBQMH +QbiX hQ KF2 i?2 pHm2b +QKT`#H2 r2 K2bm`2 i?2 iBK2 M22/2/ iQ `2i`B2p2 HH
2p2Mib M/ b2i i?Bb iQ #2 i?2 `272`2M+2X
 &DQGLGDWH 5HWULHYDO 6WUDWHJLHV
6Q` Qm` 2tT2`BK2Mib- r2 iF2  HQQF i b2p2`H +M/B/i2 `2i`B2pH bi`i2;B2b r?B+? r2 +QKT`2
iQ 2+? Qi?2` mbBM; i?2 K2bm`2K2Mib /2}M2/ #Qp2X AM T`iB+mH` r2 +QKT`2 i?2 7QHHQrBM;
bi`i2;B2bX
RX F@M2`2bi #v +Tim`2 iBK2, "v mbBM; i?Bb bi`i2;v- r2 `2i`B2p2 i?Qb2 k 2p2Mib rBi? i?2
HQr2bi i2KTQ`H /BbiM+2 iQ i?2 /Q+mK2MiX 6Q` i?Bb- r2 Q`/2` HH 2p2Mib ei BM i?2 2p2Mi
/i#b2 #v ∆(iBK2(d), iBK2(ei)) M/ i?2M `2im`M i?2 iQT k 2p2Mib BM i?Bb Q`/2`2/ HBbiX
kX F@M2`2bi #v mTHQ/ iBK2, q2 7QHHQr i?2 bK2 bi`i2;v b BM F@M2`2bi #v +Tim`2 iBK2
#mi mb2 i?2 mTHQ/ iBK2biKTbX
jX :2Q@"HQ+F2`, q2 /2}M2  }t2/ rBM/Qr Q7 1.0ê × 1.0ê M/ b2H2+i i?2 iQT@k 2p2Mib Qmi
Q7 i?Bb rBM/Qr- BX 2X r2 `2i`B2p2 HH 2p2Mib bm+? i?i HiBim/2(d) − 1ê < HiBim/2(e) <
HiBim/2(d) + 1ê M/ HQM;Bim/2(d) − 1ê < HQM;Bim/2(e) < HQM;Bim/2(d) + 1êX h?Bb rBM/Qr
`Qm;?Hv +Q``2bTQM/b iQ M `2 Q7 8y@ey b[m`2 FBHQK2i2`b BM 1m`QT2 M/ i?2 lX aX M/
iQ M `2 Q7 RRy b[m`2 FBHQK2i2`b BM i?2 pB+BMBiv Q7 i?2 2[miQ`X h?2 +M/B/i2b `2
Q`/2`2/ #v bBKTH2 1m+HB/2M /BbiM+2 mbBM; i?2 HQM;Bim/2 M/ HiBim/2 pHm2bX
9X h;@h6A.6, q2 b+Q`2 2+? 2p2Mi #v bmKKBM; mT i?2 h6@A.6 pHm2b Q7 2p2`v i; r?B+?
i?2 /Q+mK2Mi M/ i?2 2p2Mi b?`2 M/ `2im`M k 2p2Mib ?pBM; i?2 ?B;?2bi b+Q`2bX
8X hBiH2@h6A.6, h?Bb Bb i?2 bK2 b h;@h6A.6 #mi mbBM; i?2 iQF2Mb BM i?2 iBiH2 BMbi2/
Q7 i;bX
eX .2b+`BTiBQM@h6A.6, h?Bb Bb i?2 bK2 b h;@h6A.6 #mi mbBM; i?2 iQF2Mb BM i?2 /2@
b+`BTiBQMX
dX lMB7Q`K *QK#BMiBQM, q2 `2i`B2p2 i?2 bK2 MmK#2` Q7 k6 UrBi? k KQ/ 6 = 0V 2p2Mib
7Q` 2+? Q7 i?2 +M/B/i2 `2i`B2pH bi`i2;B2b c1, · · · , c6 /2b+`B#2/ #Qp2X

&KDSWHU  6\VWHP 'HVFULSWLRQ RI WKH 6WUHDP &ODVVLƓFDWLRQ )UDPHZRUN IRU D 6LQJOH3DVV 6HWWLQJ
3X PTiBKH *QK#BMiBQM, q2 /2i2`KBM2 i?2 QTiBKH +QK#BMiBQM Q7 i?2 MmK#2` Q7 +M@
/B/i2b iQ #2 `2i`B2p2/ #v 2+? +M/B/i2 `2i`B2pH bi`i2;v 2KTB`B+HHvX q2 i?mb `2i`B2p2
 MmK#2` k(ci) Q7 2p2Mib i?i Bb bT2+B}+ 7Q` 2+? +M/B/i2 `2i`B2pH bi`i2;vX h?2 QTiB@
KH T`K2i2`b `2 +QKTmi2/ #v 2t?mbiBp2 b2`+? QM i?2 i`BMBM; b2i rBi? i?2 ;QH Q7
KtBKBxBM; i?2 2z2+iBp2M2bb Ub22 #Qp2V Q7 i?2 +M/B/i2 `2i`B2pH bi`i2;vX
 3DLUZLVH )HDWXUH ([WUDFWLRQ
AM i?Bb b2+iBQM r2 /2b+`B#2 i?2 bT2+B}+ 72im`2b i?i `2 +QKTmi2/ QM i?2 #bBb Q7 i?2 K2i/i
/2b+`B#2/ #Qp2 iQ `2T`2b2Mi M BK;2X  TB` Q7  /Q+mK2Mi M/  +M/B/i2 2p2Mi Bb /2b+`B#2/
BM i2`Kb Q7  p2+iQ` Q7 b2p2`H 72im`2b i?i /2b+`B#2 i?2 Ki+? #2ir22M i?2 /Q+mK2Mi M/ i?2
2p2MiX hQ +`2i2 i?Bb p2+iQ` r2 /2}M2 bBKBH`Biv K2bm`2b i?i `2 mb2/ iQ +QKT`2 irQ TB+im`2b
HQM; 2+? Q7 i?2b2 72im`2 /BK2MbBQMbX
AM T`iB+mH`- r2 /2}M2 MBM2 bBKBH`Biv K2bm`2b 2tTHQBiBM; i?2 BM7Q`KiBQM bQm`+2b r?B+? r2
T`2b2Mi BM i?2 7QHHQrBM;X q2 HbQ /Bb+mbb Hi2`MiBp2b M/ i?2 /pMi;2b Q7 i?2 +?Qb2M K2@
bm`2K2MiX
 7HPSRUDO )HDWXUHV
h2KTQ`H BM7Q`KiBQM `272`b iQ i?2 iBK2 TQBMi i?2 /Q+mK2Mi rb +`2i2/ U2X ;X #v iFBM; 
TB+im`2 rBi?  +K2`V- r?B+? Bb ivTB+HHv r?2M i?2 2p2Mi iQQF TH+2 Q` i?2 iBK2 r?2M i?2
mb2` mTHQ/2/ i?2 /Q+mK2Mi iQ  bQ+BH K2/B bBi2X 1+? /Q+mK2Mi b r2HH b 2+? 2p2Mi ?p2
 iBK2biKT bbB;M2/X G2i time(d) /2MQi2  iBK2biKT bbB;M2/ iQ  /Q+mK2Mi M/ time(e)
/2MQi2  iBK2biKT bbB;M2/ iQ M 2p2MiX
hQ /2}M2  bBKBH`Biv K2bm`2K2Mi 7Q` i2KTQ`H BM7Q`KiBQM- r2 bi`i rBi? bQK2 #bB+ bbmKT@
iBQMbX
Ç Ai Bb TQbbB#H2 iQ K2bm`2 i?2 /BbiM+2 #2ir22M i?2 irQ iBK2biKTb #v +H+mHiBM; i?2 /2Hi,
∆time = |time(d)− time(e)|X h?Bb /BbiM+2 +M i?2M #2 BMi2`T`2i2/ BM i2`Kb Q7 bBKBH`BivX
Ç h?2 bBKBH`Biv Q7 irQ /i TQBMib Bb KtBKH B7 #Qi? iBK2biKTb `2 2t+iHv bBKBH` Ui?2`2@
7Q`2- ∆time = 0VX
Ç h?2 KQ`2 T`i i?2 irQ iBK2biKTb `2 Ui?2 ;`2i2` ∆timeV- i?2 H2bb bBKBH` `2 i?2 irQ
/i TQBMibX
Ç qBi?Qmi i?2 /2}MBiBQM Q7 Mv #QmM/`B2b-  iQiH /BbbBKBH`Biv rQmH/ #2 QMHv TQbbB#H2 B7
i?2 /BbiM+2 ∆time Bb BM}MBi2X

 3DLUZLVH )HDWXUH ([WUDFWLRQ






B7 ∆time ≤ ∆year
0.0 2Hb2
U8XeV
AM 1[miBQM U8XeV- ∆year Bb /2}M2/ b i?2 /BbiM+2 #2ir22M irQ iBK2biKTb r?B+? `2 2t+iHv
QM2 v2` T`iX h?2 bBKBH`Biv mbBM; i?Bb K2bm`2K2Mi Bb BM i?2 `M;2 Q7 [0..1]X  bBKBH`Biv Q7 1.0
K2Mb i?i i?2 iBK2biKT Q7 i?2 irQ /i TQBMib `2 i?2 bK2X  pHm2 Q7 0.0 Bb BMi2`T`2i2/ b
iQiHHv /BbbBKBH`c i?Bb Bb i?2 +b2 B7 irQ iBK2biKTb `2 KQ`2 T`i i?M QM2 v2`X h?2 KtBKH
/BbiM+2 Q7 QM2 v2` ?b #22M +?Qb2M iQ 2Mbm`2 irQ i?BM;b, V r2 rMi iQ BM+Hm/2 2p2Mib Q7 HH
FBM/b Q7 H2M;i?- M/ #V r2 /Q MQi rMi iQ BM+Hm/2 `2+m``BM; 2p2Mib bm+? b *?`BbiKb b i?2v
`2 b22M b /BbiBM+i 2p2Mib #v Qm` /2}MBiBQM Q7 M 2p2MiX
 /Bb/pMi;2 Q7 i?2 K2bm`2 ;Bp2M BM 1[miBQM U8XeV Bb Bib bi`B+i HBM2`Biv- r?B+? /Q2b MQi `2~2+i
i?i i?2`2 `2 /Bz2`2M+2b BM i?2 BKTQ`iM+2 Q7 `2HiBp2 /BbiM+2b /2T2M/BM; QM i?2 #bQHmi2
/BbiM+2X 6Q` 2tKTH2- Bi /Q2b MQi KF2  H`;2 /Bz2`2M+2 B7 irQ /i TQBMib ?p2  /BbiM+2 Q7
jyy Q` jyR /vb- #mi r2 +`2 B7 irQ /i TQBMib ?p2  /BbiM+2 Q7 R ?Qm` BMbi2/ Q7 k8 ?Qm`bX
h?2`2 Bb  /Bz2`2M+2 Q7 k9 ?Qm`b BM #Qi? +b2b #mi i?2 Hii2` +b2 Bb Q7 KQ`2 BMi2`2bi i?M i?2 }`bi
QM2X h?2`27Q`2 i?2 K2bm`2 Bb +?M;2/ iQ BM+Hm/2  HQ;`Bi?KB+ QT2`iBQMX Pm` }MH bBKBH`Biv
K2bm`2 i?mb HQQFb b 7QHHQrb,





= 1.0− log(|time(d)− time(e)|)
log(y)
B7 ∆time ≤ ∆year
0.0 2Hb2
U8XdV
lbBM; i?2 _2a11. /ib2i- time(d) M/ time(e) `2 iBK2biKTb `2T`2b2Mi2/ b BMi2;2` pHm2b
/2MQiBM; i?2 MmK#2` Q7 KBMmi2b 2HTb2/ bBM+2 i?2 lMBt 2TQ+?- M/ y Bb i?2 MmK#2` Q7 KBMmi2b
Q7 QM2 v2`X
h?Bb vB2H/b irQ bBKBH`Biv K2bm`2b,
Ç sim+Tim`2(d, e)- +H+mHi2/ QM i?2 #bBb Q7 +Tim`2 iBK2X
Ç simmTHQ/(d, e)- +H+mHi2/ QM i?2 #bBb Q7 mTHQ/ iBK2X

&KDSWHU  6\VWHP 'HVFULSWLRQ RI WKH 6WUHDP &ODVVLƓFDWLRQ )UDPHZRUN IRU D 6LQJOH3DVV 6HWWLQJ
 *HRJUDSKLFDO )HDWXUHV
h?2 ;2Q;`T?B+H BM7Q`KiBQM HQ+i2b i?2 TH+2 r?2`2 i?2 /Q+mK2Mi rb +`2i2/c i?Bb Bb i?2
HQ+iBQM Q7 M 2p2Mi BM i2`Kb Q7 HiBim/2 M/ HQM;Bim/2X h?Bb BM7Q`KiBQM Bb ivTB+HHv //2/ iQ
i?2 BK;2 rBi? i?2 B/ Q7  :Sa /2pB+2 +QMM2+i2/ iQ i?2 +K2`X
b rBi? i?2 iBK2 BM7Q`KiBQM- r2 ?p2 iQ /2i2`KBM2 i?2 /BbiM+2 #2ir22M irQ ;2Q;`T?B+ HQ@
+iBQM TQBMibX h?2`27Q`2- r2 BM+Q`TQ`i2 i?2 HiBim/2 M/ HQM;Bim/2 Q7 #Qi? TQBMibX AMBiBHHv-
b r2 /B/ MQi M22/ iQ K2bm`2 M 2t+i /BbiM+2 #2ir22M irQ TQBMib #mi QMHv M22/  +Q`b2
2biBKi2 iQ Dm/;2 i?2B` bBKBH`Biv- r2 BK2/ iQ +H+mHi2 i?2 1m+HB/2M /BbiM+2 #2ir22M irQ
HiBim/2@HQM;Bim/2 TB`b BM Q`/2` iQ ;2i  +QKTmiiBQMHHv +?2T /BbiM+2 K2i`B+X lM7Q`imMi2Hv-
i?2 /BbiM+2 #2ir22M irQ TQBMib p`B2b  HQi /2T2M/BM; QM i?2 HiBim/2c i?2 `2H /BbiM+2 Q7 irQ
TQBMib i i?2 2[miQ` M/ irQ TQBMib BM i?2 TQH` `2;BQM- 2+? rBi? Rê /Bz2`2M+2- `2 MQi +QKT`@
#H2X b  +QMb2[m2M+2- r2 mb2  /BbiM+2 7mM+iBQM iFBM; i?Bb +?`+i2`BbiB+ Q7 HiBim/2fHQM;Bim/2
pHm2b BMiQ ++QmMiX Ai Bb TQbbB#H2 iQ mb2 irQ /Bz2`2Mi K2bm`2b rBi? MQ MQi2rQ`i?v /Bz2`2M+2
BM +QKTmiiBQMH +QKTH2tBivc i?2 }`bi mb2b i?2 /B`2+i /BbiM+2 i?`Qm;? 1`i?- i?2 b2+QM/ mb2b
i?2 +Q``2+i /BbiM+2 HQM; i?2 bm`7+2X
AM Qm` TT`Q+? r2 BM+Q`TQ`i2 i?2 ?p2`bBM2 7Q`KmH iQ /2i2`KBM2 i?2 ;`2i@+B`+H2 /BbiM+2
H(L1, L2) #2ir22M irQ HQ+iBQMb L1 M/ L2 QM 1`i?X 1+? HQ+iBQM Ln Bb /2}M2/ #v Bib
+QQ`/BMi2b /2MQi2/ #v HiBim/2 latn M/ HQM;Bim/2 lonnX h?2 /2}MBiBQM Q7 i?2 ?p2`bBM2 7Q`KmH
Bb ;Bp2M b 7QHHQrb,
'HƓQLWLRQ ě +DYHUVLQH IRUPXOD
















∆lat = |lat2 − lat1|, ∆lon = |lon2 − lon1| U8XRyV
h?2 /BbiM+2b `2im`M2/ #v i?2 #Qp2 7Q`KmH `2 BM i?2 `M;2 [0..1]X h?2 KmHiBTHB+iBQM rBi?
i?2 2[miQ`BH /BbiM+2 b BM i?2 Q`B;BMH /2}MBiBQM Q7 i?2 ?p2`bBM2 7Q`KmH Bb QKBii2/- b 
/BbiM+2 7+iQ` #2ir22M 0 M/ 1 Bb bm{+B2Mi 7Q` Qm` ibFX
6BMHHv- i?2 ;2Q;`T?B+ bBKBH`Biv Bb /2}M2/ b 7QHHQrb,
'HƓQLWLRQ ě 6LPLODULW\ RI WZR JHRJUDSKLF ORFDWLRQV
sim;2Q(d, e) = 1.0−H(L1, L2) U8XRRV

 3DLUZLVH )HDWXUH ([WUDFWLRQ
 7H[WXDO )HDWXUHV
"2bB/2b i?2 iBK2 M/ ;2Q;`T?B+ 72im`2b- i?2`2 Bb  HQi Q7 BM7Q`KiBQM KMmHHv //2/ #v mb2`b
BM i2timH 7Q`KX h?2b2 `2- 7Q` 2tKTH2- i;b-  iBiH2-  /2b+`BTiBQM- 2i+X
hQ +QKT`2 i2timH BM7Q`KiBQM- i?2`2 `2 irQ FBM/b Q7 /BbiM+2 K2i`B+b r?B+? +M #2 mb2/ QM
bi`BM;b, i2`K@#b2/ K2i`B+b M/ 2/Bi@/BbiM+2 K2i`B+bX lbBM; i?2 }`bi- i?2 /BbiM+2 /2T2M/b QM
 b2i Q7 rQ`/b r?B+? `2 +QMiBM2/ BM #Qi? /Q+mK2Mib iQ #2 +QKT`2/X M 2tKTH2 ?2`2 Bb i?2
C++`/ /BbiM+2 Q` i?2 +QbBM2 bBKBH`Biv Q7  h6@A.6 p2+iQ`X h?2 Hii2` K2i?Q/ /2MQi2b i?2
/BbiM+2 #v i?2 b?Q`i2bi b2[m2M+2 Q7 2/Bi +QKKM/b i?i Bb #H2 iQ i`Mb7Q`K i?2 i2ti bi`BM;
7`QK /Q+mK2Mi d BMiQ i?2 QM2 7`QK /Q+mK2Mi eX M 2tKTH2 ?2`2 Bb i?2 G2p2Mb?i2BM /BbiM+2X
AM Qm` b+2M`BQ Bi b22Kb iQ #2 Mim`H iQ mb2  i2`K@#b2/ K2i`B+X h?2 B/2 #2?BM/ i?Bb Bb
i?2 bbmKTiBQM i?i irQ /Q+mK2Mib r?B+? /Q b?`2 i?2 bK2 i2`Kb Ui?BMF #Qmi i?2 bbB;M2/
F2vrQ`/b Q` i;bV `2 KQ`2 bBKBH` iQ 2+? Qi?2` i?M i?Qb2 /Q+mK2Mib r?B+? /Q MQiX >Qr2p2`-
r2 /Q MQi QMHv rMi iQ /Bz2`2MiBi2 #2ir22M i?2 irQ +b2b ?b bK2 i2`Kb M/ /Q2b MQi ?p2
bK2 i2`Kb- #mi r2 BK iQ mb2  HBM2` K2i`B+X
"27Q`2 r2 /2+B/2 QM  /BbiM+2 K2i`B+- r2 ?p2 iQ BMi`Q/m+2 M H;2#`B+ KQ/2H +T#H2 Q7
`2T`2b2MiBM; i2timH BM7Q`KiBQM b  p2+iQ`- i?2 bQ@+HH2/ o2+iQ` aT+2 JQ/2HX am+?  p2+iQ`
+QmH/ `2T`2b2Mi 2Bi?2` i?2 #b2M+2 Q` T`2b2M+2 Q7 i2`Kb BM  /Q+mK2Mi- Q` i?2 BKTQ`iM+2
Q7 i2`KbX 6Q` 2tKTH2 #2+mb2 Q7 biQT rQ`/b UrQ`/b T`2b2Mi BM HKQbi HH /Q+mK2MibV- i?2
BKTQ`iM+2 Q7 i?2 i2`Kb b?QmH/ #2 iF2M BMiQ ++QmMiX h?2`27Q`2- r2 mb2  r2B;?i 7mM+iBQM
D × T → R 7Q` 2+? i2`K t BM /Q+mK2Mi d- MK2Hv h6@A.6X
h?2 h6@A.6 Q7 2+? i2`K BM i?2 /Q+mK2Mi Bb /2}M2/ b 7QHHQrb,
'HƓQLWLRQ ě 7),')
h6@A.6(t, d) = h6(t, d)× A.6(t) U8XRkV
h?2 i2`K 7`2[m2M+v h6(t, d) Bb /2}M2/ b i?2 #bQHmi2 MmK#2` Q7 TT2`M+2b Q7 i2`K t BM
/Q+mK2Mi dX h?2 BMp2`b2 /Q+mK2Mi 7`2[m2M+v A.6(t) Bb /2}M2/ b 7QHHQrb,
'HƓQLWLRQ ě ,QYHUVH 'RFXPHQW )UHTXHQF\ ,')
A.6(t) = log n.6(t) U8XRjV
>2`2- n /2MQi2b i?2 Qp2`HH MmK#2` Q7 /Q+mK2Mib BM i?2 +Q`Tmb M/ .6(t) Bb i?2 /Q+mK2Mi
7`2[m2M+v- r?B+? Bb i?2 #bQHmi2 MmK#2` Q7 /Q+mK2Mib r?2`2 i?2 i2`K t TT2`bX
>pBM; i?2 r2B;?ib 7Q` 2+? i2`K-  /Q+mK2Mi +M i?2M #2 `2T`2b2Mi2/ b  p2+iQ` Q7 i2`K
r2B;?ibX LQr- Bi Bb TQbbB#H2 iQ +H+mHi2 i?2 bBKBH`Biv #2ir22M i?2 irQ /Q+mK2Mib BM i?2 p2+iQ`
bT+2 mbBM; +QbBM2 bBKBH`BivX h?2 +QbBM2 +Qb(θ) Q7 irQ p2+iQ`b v⃗d M/ v⃗e Bb i?2 bBKBH`Biv #2ir22M
i?2 irQ /Q+mK2Mib M/ +M #2 /2`Bp2/ mbBM; i?2 b+H` T`Q/m+i #2ir22M i?2 p2+iQ`b,
v⃗d · v⃗e = ||v⃗d|| · ||v⃗e|| · +Qb(θ) U8XR9V

&KDSWHU  6\VWHP 'HVFULSWLRQ RI WKH 6WUHDP &ODVVLƓFDWLRQ )UDPHZRUN IRU D 6LQJOH3DVV 6HWWLQJ
6`QK i?Bb Bi 7QHHQrb i?i +Qb(θ) Bb /2}M2/ b 7QHHQrb,









)2 ×√∑ni=1 (v⃗e(i))2 U8XR8V
h?2 }MH bBKBH`Biv K2bm`2 7Q` i2timH /i simi;b- simiBiH2- M/ sim/2b+`BTiBQM rBi? M QmiTmi
#2ir22M 0.0 M/ 1.0 Bb i?mb /2}M2/ b 7QHHQrb,











 'RFXPHQW(YHQW 6LPLODULW\ 9HFWRU
Pp2`HH- mbBM; i?2 72im`2b /2b+`B#2/ #Qp2-  72im`2 p2+iQ` 7Q`  TB` Q7 /Q+mK2Mi d M/ 2p2Mi










AM i?Bb p2+iQ`- simmTHQ/(d, e) M/ sim+Tim`2(d, e) /2MQi2 i?2 bBKBH`BiB2b #2ir22M i?2 mTHQ/
iBK2 M/ +Tim`2 iBK2 Q7  /Q+mK2Mi@2p2Mi TB`- sim;2Q(d, e) Bb i?2 ;2Q;`T?B+ bBKBH`Biv- M/
simi;b(d, e)- simiBiH2(d, e)- M/ sim/2b+`BTiBQM(d, e) /2MQi2 i?2 bBKBH`BiB2b 7Q` i?2 iQF2MBx2/ i2ti
72im`2b i;b- iBiH2- M/ /2b+`BTiBQM- `2bT2+iBp2HvX
 6FRULQJ DQG 5DQNLQJ ŏ /HDUQLQJ 6LPLODULW\ )XQFWLRQV
6Q` 2+? BM+QKBM; /Q+mK2Mi d- r2 +QKTmi2 i?2 HBF2HB?QQ/ P (e|d) i?i Bi #2HQM;b iQ  ;Bp2M 2p2Mi
eX q2 i?2M Q`/2` i?2 2p2Mib `2i`B2p2/ #v i?2 +M/B/i2 `2i`B2pH bi2T #v /2+`2bBM; T`Q##BHBivX
h?2 HBF2HB?QQ/ i?i /Q+mK2Mi d #2HQM;b iQ 2p2Mi e Bb +H+mHi2/ mbBM;  +HbbB}+iBQM H;Q`Bi?KX
AM i?Bb i?2bBb r2 mb2 irQ /Bz2`2Mi +HbbB}2`b iQ H2`M i?2 bBKBH`Biv 7mM+iBQM, amTTQ`i o2+iQ`
J+?BM2b UaoJV M/ .2+BbBQM h`22bX

 6FRULQJ DQG 5DQNLQJ ŋ /HDUQLQJ 6LPLODULW\ )XQFWLRQV
hQ i?Bb 2M/ r2 `2Hv QM M TT`QT`Bi2 i`BMBM; /ib2i iQ /Bb+`BKBMi2 #2ir22M TB`b Q7 /Q+mK2Mi
M/ +Q``2bTQM/BM; 2p2Mi M/ TB`b Q7 /Q+mK2Mib i?i /Q MQi #2HQM; iQ i?2 ;Bp2M 2p2MiX h?2 }`bi
`2 Qm` TQbBiBp2 2tKTH2b r?BH2 i?2 Hii2` `2 i?2 M2;iBp2 QM2bX q2 mb2 /Bz2`2Mi MmK#2`b Q7
2tKTH2b 7Q` 2+? Q7 i?2b2 +Hbb2b iQ i`BM i?2 +HbbB}2`b M/ +QKTmi2 i?2 T`Q##BHBiv P (e|d) b
i?2 T`Q##BHBiv i?i i?2 TB` (d, e)ěb /2b+`B#2/ #v i?2 #Qp2 K2MiBQM2/ p2+iQ` Q7 bBKBH`BiB2bě
#2HQM;b iQ i?2 TQbBiBp2 +Hbb- BX 2X P (e|d) = P (TQbBiBp2|v⃗sim(e, d))X
AM i?2 7QHHQrBM; r2 7Q`KmHi2 i?2 T`Q#H2K mbBM;  amTTQ`i o2+iQ` J+?BM2 M/  .2+BbBQM h`22X
q2 iF2  HQQF i ǳbiM/`/Ǵ aoJb b r2HH b _MFBM; aoJbX
 3UREOHP )RUPXODWLRQ XVLQJ D 6XSSRUW 9HFWRU 0DFKLQH
lbBM;  aoJ b  +HbbB}2`- r2 BK iQ /2i2`KBM2  ?vT2`THM2 ⟨w⃗, ⃗sim(d, e)⟩ + b = 0 r?B+?
b2T`i2b irQ +Hbb2bX h?Bb Bb /QM2 BM  rv bQ i?i i?2 K`;BM iQ i?Bb ?vT2`THM2 Bb KtBKBx2/X
h?2 K`;BM Bb i?2 `2;BQM 2M+HQb2/ #v i?2 irQ //BiBQMH ?vT2`THM2b /2b+`B#2/ #v i?2 7QHHQrBM;
2[miBQMb,
⟨w⃗, v⃗sim(d, e)⟩+ b = 1 U8XR3V
⟨w⃗, v⃗sim(d, e)⟩+ b = −1 U8XRNV
Ai Bb ``2Hv TQbbB#H2 iQ +?B2p2  T2`72+i b2T`iBQM #2ir22M i?2 TQbBiBp2 M/ M2;iBp2 2tKTH2bX
b  +QMb2[m2M+2-  +HbbB}+iBQM 2``Q` Kmbi #2 HHQr2/X h?mb- i?2 ;QH Bb iQ HHQr  bQ7i K`;BM
/2i2`KBMBM;  ?vT2`THM2 r?B+? KBMBKBx2b 2``Q`b M/ KtBKBx2b i?2 K`;BM i?i b2T`i2b i?2









yi(⟨w,Φ(xi)⟩+ b) ≥ 1− ξi, ξx ≥ 0 U8XkRV
b mbmH BM +HbbB}+iBQM- Φ(xi) /2MQi2b bQK2 F2`M2H- ?2HTBM; iQ pQB/ i?2 2tTHB+Bi KTTBM;
M22/2/ iQ H2`M  MQMHBM2` /2+BbBQM #QmM/`vc i?Bb +M #2 i?2 /Qi T`Q/m+i BM i?2 bBKTH2bi +b2X
h?2 p`B#H2 C Bb  +QMbiMi /2}M2/ #v i?2 mb2` r?B+? HHQrb iQ i`/2 Qz i?2 K`;BM bBx2 ;BMbi
i?2 i`BMBM; 2``Q`c ξi `2 bH+F p`B#H2b M/ yi ∈ {−1, 1} Bb i?2 +Hbb H#2HX
AM Qm` b+2M`BQ- i?2 i`BMBM; 2tKTH2b xi `2 /2}M2/ b 7QHHQrb,
xi =
{
((di, e),−1) B7 e′ ̸∈ event(di)
((di, e),+1) 2Hb2 U8XkkV

&KDSWHU  6\VWHP 'HVFULSWLRQ RI WKH 6WUHDP &ODVVLƓFDWLRQ )UDPHZRUN IRU D 6LQJOH3DVV 6HWWLQJ
q2 bbmK2  7mM+iBQMH K`;BM Q7 R b ivTB+HHv mb2/ BM amTTQ`i o2+iQ` J+?BM2bX h?2`27Q`2-
i?2 r2B;?i p2+iQ` w⃗ M22/b iQ 7mH}HH i?2 7QHHQrBM; +QM/BiBQMb,
∀di ⟨w⃗,Φ(di, event(di))⟩ > 1(−ξi)
∀di∀e′ ̸= event(di) ⟨w⃗,Φ(di, e′)⟩ < −1(+ξi) U8XkjV
am+?  7mM+iBQM Bb TTHB2/ iQ +QKT`2  M2r /Q+mK2Mi iQ i?2 +2Mi`QB/ Q7 2p2`v +Hmbi2` +QM@
bi`m+i2/ bQ 7` M/ `2i`B2p2/ #v i?2 +M/B/i2 `2i`B2pH bi2TX h?2 M2r /i TQBMi Bb bbB;M2/ iQ
i?2 +Hmbi2` KtBKBxBM; i?Bb bBKBH`Biv- T`QpB/2/ Bi 7mH}HHb +`Bi2`B #2BM; +HbbB}2/ b #2HQM;BM;
iQ M 2tBbiBM; +Hmbi2` #v i?2 M2r 2p2Mi /2i2+iBQM bi2T Ub22 M2ti b2+iBQMVX A7  M2r +Hmbi2` e′ Bb
+`2i2/ i iBK2 t- i?2M E(t+1) = E(t)∪ e′X G2`MBM; i?2 bBKBH`Biv 7mM+iBQM Bb i?mb 7Q`KmHi2/
b  biM/`/ +HbbB}+iBQM T`Q#H2K- b2T`iBM; i?Qb2 TB`b Q7 /Q+mK2Mib i?i #2HQM; iQ i?2
bK2 2p2Mi 7`QK i?Qb2 i?i /Q MQiX
3UREOHP )RUPXODWLRQ DV D 5DQNLQJ 690 3UREOHP
++Q`/BM; iQ i?2 7Q`KmHiBQM Q7 i?2 T`Q#H2K iQ mb2 i?2 bBKBH`Biv 7mM+iBQM iQ /2i2`KBM2 i?2
+Hmbi2` ?pBM; i?2 ?B;?2bi bBKBH`Biv iQ i?2 ;Bp2M /i TQBMi- r2 +M b22 i?2 T`Q#H2K BM 7+i b
 `MFBM; T`Q#H2KX AM i?Bb +b2- i?2 ibF Bb iQ `MF HH +Hmbi2`b ++Q`/BM; iQ i?2B` bBKBH`Biv iQ
i?2 /i TQBMiX h?Bb rQmH/ T`QpB/2 mb rBi? M Hi2`MiBp2 7Q`KmHiBQM Q7 i?2 T`Q#H2K- BX 2X i?2
QM2 Q7 H2`MBM;  bBKBH`Biv 7mM+iBQM i?i Hrvb bbB;Mb  ?B;?2` pHm2 iQ i?2 +Q``2+i +Hmbi2`
+QKT`2/ iQ HH Qi?2` +Hmbi2`bX
h?2`27Q`2- i?2 ibF Bb iQ H2`M  bBKBH`Biv 7mM+iBQM i?i biBb}2b i?2 +QM/BiBQM BM U8Xk9V Q` i?2
2[mBpH2Mi +QM/BiBQM BM U8Xk8VX
∀di ∀e′ ̸∈ event(di) sim(di, event(di)) > sim(di, e′) U8Xk9V
∀di ∀e′ ̸∈ event(di) sim(di, event(di))− sim(di, e′) > 0 U8Xk8V
bbmKBM; i?i r2 ?p2  HBM2` KQ/2H 7Q` sim M/ i?2 r2B;?i p2+iQ` Bb /2MQi2/ #v w⃗- r2 ;2i
i?2 7QHHQrBM; +QM/BiBQM,
∀di ∀e′ ̸∈ e(di) w⃗
(
v⃗sim(di, event(di))− v⃗sim(d1, e′)
)
> 0 U8XkeV
LQi2 i?i i?Bb T`Q#H2K Bb 2bb2MiBHHv 2[mBpH2Mi iQ i?2 QTiBKBxiBQM T`Q#H2K bQHp2/ #v i?2 `MF@
BM; aoJb Q7 CQ+?BKb (CQyk)X bbmKBM;  K`;BM Q7 R r2 rQmH/ ;2i i?2 7QHHQrBM; 2[mBpH2Mi
7Q`KmHiBQM- r?B+? Bb i?2 QM2 mb2/ #v CQ+?BKb,
∀di ∀e′ ̸∈ event(di) w⃗
(
v⃗sim(di, event(di))− v⃗sim(d1, e′)
)
> 1− ξi U8XkdV

 6FRULQJ DQG 5DQNLQJ ŋ /HDUQLQJ 6LPLODULW\ )XQFWLRQV
:Bp2M i?Bb 7Q`KmHiBQM Q7 i?2 T`Q#H2K Q7 H2`MBM; M /2[mi2 bBKBH`Biv b  H2`MBM; iQ `MF
T`Q#H2K- r2 +M TTHv i?2 _MFBM; aoJ Q7 CQ+?BKb BM M Qz@i?2@b?2H7 KMM2` /B`2+iHv iQ i?2
T`Q#H2K Q7 H2`MBM;  bmBi#H2 bBKBH`Biv 7mM+iBQM 7Q` i?2 2p2Mi /2i2+iBQM T`Q#H2KX
*H2`Hv- H2`MBM;  w⃗ i?i 7mH}HHb i?2 +QM/BiBQM BM U8XkdV HbQ BKTHB2b }M/BM;  w⃗ i?i 7mH}HHb
i?2 +QM/BiBQMb U8XkyV M/ U8XkRVX AM bQK2 b2Mb2- i?2 +QM/BiBQMb BM U8XkRV KB;?i 2p2M #2 iQQ
`2bi`B+iBp2 7Q` i?2 T`Q#H2K i ?M/X AM i?Bb b2Mb2- r2 KB;?i #2 bQHpBM;  KQ`2 /B{+mHi T`Q#H2K
i?M i?2 QM2 r2 BM/22/ ?p2 iQ bQHp2 r?2M mbBM; i?2 biM/`/ aoJ +`Bi2`BX
&DOFXODWLRQ RI 3UREDELOLWLHV IRU 6XSSRUW 9HFWRU 0DFKLQHV
lbmHHv-  amTTQ`i o2+iQ` J+?BM2 +H+mHi2b  /2+BbBQMb 7mM+iBQM f(x) BM  rv i?i i?2 H#2H
yi Q7 Mv i2bi 2tKTH2 x +M #2 T`2/B+i2/ mbBM; i?2 7mM+iBQM b;M(f(x))X 6Q` Qm` +HbbB}+iBQM- r2
BK iQ mb2  TQbi2`BQ` +Hbb T`Q##BHBiv P (y = 1|x) BMbi2/ Q7 i?2 /B`2+i T`2/B+iBQM Q7 i?2 H#2HX
 bQHmiBQM iQ +?B2p2 bm+? M QmiTmi ?b #22M T`QTQb2/ #v SHii (SHNN) #v TT`QtBKiBM; i?2
T`Q##BHBiv #v  bB;KQB/ 7mM+iBQM,
P (y = 1|x) ≈ PA,B(f) ≡ 1
1 + eAf+B
U8Xk3V
h?2 KtBKmK HBF2HB?QQ/ 2biBKiBQM 7`QK  i`BMBM; b2i Ufi, yiV Bb mb2/ iQ }i i?2 T`K2i2`b





(ti HQ;(pi) + (1− ti) HQ;(1− pi)) U8XkNV




, ti− = 1
N− + 2
U8XjyV
lbBM; i?Bb BM +QMDmM+iBQM rBi?  aoJ i?2`27Q`2 2M#H2b mb iQ +H+mHi2 i?2 HBF2HB?QQ/ Q7 r?2i?2`
i?2 /Q+mK2Mi #2HQM;b iQ  +2`iBM +HbbX
 3UREOHP )RUPXODWLRQ DV D 'HFLVLRQ 7UHH &ODVVLILFDWLRQ 3UREOHP
lbBM;  .2+BbBQM h`22- r2 BK iQ H2`M bBKTH2 /2+BbBQM `mH2b #b2/ QM i?2 72im`2b Q7 2+?
/Q+mK2Mi@2p2Mi TB` +b+/2/ BM  #BM`v i`22- /2+B/BM; r?2i?2` i?2v #2HQM; iQ i?2 bK2 +Hbb
Q` MQiX h?2 bT+2 Bb T`iBiBQM2/ `2+m`bBp2Hv BM 2+? MQ/2 #v i?2 .2+BbBQM h`22X

&KDSWHU  6\VWHP 'HVFULSWLRQ RI WKH 6WUHDP &ODVVLƓFDWLRQ )UDPHZRUN IRU D 6LQJOH3DVV 6HWWLQJ
G2i mb `2T`2b2Mi i?2 /i i  .2+BbBQM h`22 MQ/2 m #v SX h?Bb /i S Bb T`iBiBQM2/ BMiQ SH27i
M/ S`B;?i bm#b2ib 7Q` 2+? +M/B/i2 bTHBi c = (simj(d, e),Θm) r?2`2 simj(d, e) Bb QM2 72im`2
Q7 i?2 bBKBH`Biv p2+iQ` v⃗sim(d, e) M/ Θm Bb  i?`2b?QH/,
SH27i(c) = (x, y)|(xsimj(d,e) ≤ Θm) U8XjRV
S`B;?i(c) = S \ SH27i(c) = (x, y)|(xsimj(d,e) > Θm) U8XjkV
q2 +H+mHi2 i?2 BKTm`Biv Q7 i?2 bm#b2ib mbBM; i?2 :BMB BM/2t IG(fm)X h?2 T`Q##BHBiB2b Q`
`2HiBp2 7`2[m2M+B2b UfmiV Q7 Bi2Kb BM 2+? +Hbb i i  MQ/2 m `2 b[m`2/ M/ bmKK2/ mT







:Bp2M i?Bb BKTm`Biv 7mM+iBQM- i?2 BM7Q`KiBQM ;BM Q7  T`iBiBQMBM; G(S, c) +M #2 +QKTmi2/
b 7QHHQrb,








AM i?2 #Qp2 2[miBQM Nm /2MQi2b i?2 MmK#2` Q7 /i TQBMi Q#b2`piBQMb i MQ/2 mX h?2
p`B#H2b nH27i M/ n`B;?i `2 i?2 MmK#2` Q7 Q#b2`piBQMb BM i?2 H27i Q` `B;?i bm#b2iX
6BMHHv- i?2 ;QH Q7 i?2 .2+BbBQM h`22 H;Q`Bi?K Bb iQ }M/ i?2 T`iBiBQMBM; c˙ KtBKBxBM; i?2














lbBM; `2+m`bBQM i?2 bi2Tb U8XjRV i?`Qm;? U8XjeV ?p2 iQ #2 `2T2i2/ 7Q` HH bm#b2ib SH27i(c˙) M/
S`B;?i(c˙) mMiBH r2 ?p2 `2+?2/ i?2 KtBKH HHQr2/ i`22 /2Ti?- Nm = 1 Q` Nm < KBM/iTQBMibX

 1HZ (YHQW 'HWHFWLRQ
 1HZ (YHQW 'HWHFWLRQ
PM+2 i?2 +M/B/i2b `2 `MF2/ #v i?2 HBF2HB?QQ/ Q7 r?2i?2` d #2HQM;b iQ i?2b2 +M/B/i2b- r2
`2 7+2/ rBi? i?2 BKTQ`iMi [m2biBQM r?2i?2` i?2 /Q+mK2Mi d #2HQM;b iQ i?2 iQT@`MF2/ 2p2Mi
Q` `i?2` iQ  M2r 2p2Mi r?B+? ?b iQ #2 +`2i2/X h?Bb Bb r?i r2 `272` iQ b i?2 M2r 2p2Mi
/2i2+iBQM T`Q#H2KX
Ai Bb MQi +H2` B7 i?2 iQT@b+Q`BM; +M/B/i2 #2HQM;b iQ  M2r 2p2Mi Q` MQiX Ai KB;?i +imHHv
`2T`2b2Mi M 2p2Mi i?i d Bb MQi `2Hi2/ iQX h?2`27Q`2- r2 M22/ MQi?2` /2+BbBQM 7mM+iBQM i?i
/2+B/2b QM i?2 [m2biBQM r?2i?2` i?2 /Q+mK2Mi d b?HH #2 bbB;M2/ iQ i?2 iQT@b+Q`BM; +M/B/i2
Q` iQ  M2rHv +`2i2/ 2p2MiX
6Q` i?Bb Tm`TQb2 r2 2KTHQv  /Bz2`2Mi +HbbB}2` i`BM2/ QM M TT`QT`Bi2 i`BMBM; /ib2iX b
BM i?2 b+Q`BM; M/ `MFBM; T`Q#H2K r2 2KTHQv  biM/`/ amTTQ`i o2+iQ` J+?BM2 b r2HH b 
.2+BbBQM h`22 r?B+? r2 +QKT`2 rBi? 2+? Qi?2`X "Qi? `2 i`BM2/ rBi? 2tKTH2b BM r?B+? i?2
/Q+mK2Mi #2HQM;b iQ i?2 iQT@b+Q`BM; 2p2Mi M/ 2tKTH2b BM r?B+? i?2 /Q+mK2Mi #2HQM;b iQ 
M2r 2p2Mic i?2 }`bi `2 Qm` TQbBiBp2 2tKTH2b- i?2 Hii2` i?2 M2;iBp2 QM2bX
q2 ?p2 iF2M i?2 7QHHQrBM; 72im`2b BMiQ ++QmMi,
Ç "2bi b+Q`2 UKtV, h?Bb Bb P (e1|d)- BX 2X i?2 T`Q##BHBiv i?i d #2HQM;b iQ i?2 iQT@b+Q`BM;
2p2MiX
Ç qQ`bi b+Q`2 UKBMV, h?2 T`Q##BHBiv P (ek|d)ěi?Bb Bb i?2 T`Q##BHBiv i?i d #2HQM;b iQ
i?2 k@i? `MF2/ 2p2Mi- r?2`2 k Bb i?2 MmK#2` Q7 +M/B/i2b `2i`B2p2/ #v i?2 +M/B/i2
`2i`B2pH bi2TX




Ç aiM/`/ /2pBiBQM Q7 b+Q`2 Ubi//2pV, >2`2- r2 mb2 i?2 biM/`/ /2pBiBQM Q7 i?2 iQT@k
KQbi HBF2Hv 2p2MibX
Ç JtBKmK +Tim`2 iBK2 UKt+TV, h?Bb Bb 2[mH iQ i?2 bBM;H2 bBKBH`Biv Q7 +Tim`2 iBK2
7Q` i?2 /Q+mK2Mi@2p2Mi TB` `MF2/ }`bi, sim+Tim`2(d, e1)
Ç JtBKmK mTHQ/ iBK2 UKtmTHV, h?Bb 72im`2 2[mHb Kt+T #mi mb2b i?2 mTHQ/ iBK2
BMbi2/ Q7 +Tim`2 iBK2, simmTHQ/(d, e1)











&KDSWHU  6\VWHP 'HVFULSWLRQ RI WKH 6WUHDP &ODVVLƓFDWLRQ )UDPHZRUN IRU D 6LQJOH3DVV 6HWWLQJ
q2 mb2 i?i p2+iQ` iQ +HbbB7v d BMiQ irQ +Hbb2b, #2HQM;b iQ iQT b+Q`BM; 2p2Mi UTQbBiBp2V Q`
#2HQM;b iQ  M2r 2p2Mi UM2;iBp2VX h?2 +HbbB}2`b `2 i`BM2/ mbBM; M 2[mH MmK#2` Q7 TQbBiBp2
M/ M2;iBp2 2tKTH2b M/- b BM i?2 #Qp2 +b2- `2im`M  T`Q##BHBiv i?i i?2 /Q+mK2Mi #2HQM;b
iQ  M2r 2p2Mi,
PM2r(d) = P (M2;iBp2|v⃗new(d)) U8Xj3V
>pBM; i?i T`Q##BHBiv- r2 mb2  i?`2b?QH/ b  ?vT2`T`K2i2` iQ #2 imM2/X h?Bb i?`2b?QH/
/2+B/2b r?2i?2` i?2 2p2Mi Bb bbB;M2/ iQ  M2r 2p2Mi Q` bbB;M2/ iQ i?2 iQT@`MF2/ 2p2MiX h?2




([SHULPHQWDO 6HWXS DQG 5HVXOWV RI
WKH 6XSHUYLVHG 6LQJOH3DVV
&ODVVLILFDWLRQ
7i2` ?pBM; T`2b2Mi2/ i?2 bmT2`pBb2/ bBM;H2@Tbb +HbbB}+iBQM bvbi2K BM i?2 T`2pBQmb +?Ti2`-
r2 MQr T`2b2Mi Qm` 2tT2`BK2MiH b2imT M/ i?2 `2bmHib Q7 i?2 bmT2`pBb2/ bBM;H2@Tbb +HbbB}+iBQM
TT`Q+?X q2 }`bi bi`i rBi? i?2 /2b+`BTiBQM M/ /2}MBiBQM Q7 i?2 K2bm`2b mb2/ 2pHmiBQMX
q2 i?2M /2b+`B#2 BM/BpB/mH 2tT2`BK2Mib 7Q` bBM;H2 bi2Tb Q7 i?2 +Hmbi2`BM; 7`K2rQ`FX 7i2` i?i-
r2 T`2b2Mi i?2 `2bmHib Q7 Qm` 2tT2`BK2Mib 7Q` i?2 }MH bvbi2KX h?Bb bvbi2K Bb i?2M +QKT`2/ iQ
b2p2`H #b2HBM2bX
b Qm` TT`Q+? +QMbBbib Q7 KmHiBTH2 bi2Tb U+M/B/i2 `2i`B2pH- b+Q`BM; M/ `MFBM;- M/ M2r
2p2Mi /2i2+iBQMV- BMi2`+iBM; rBi? 2+? Qi?2` #mi 2+? i+FHBM;  /Bz2`2Mi T`Q#H2K- r2 /2p2HQT
2tT2`BK2MiH b+2M`BQb 7Q` 2+? Q7 i?2b2 bi2Tb BM/BpB/mHHv rBi? i?2 ;QH iQ }M/ i?2B` QTiBKH
b2iiBM;X h?2b2 2tT2`BK2Mib `2 /2b+`B#2/ BM a2+iBQMb eXk iQ eX9X h?2 }M/BM;b Q7 i?2b2 BM/BpB/@
mH 2tT2`BK2Mib `2 i?2M iF2M BMiQ ++QmMi r?2M +QM/m+iBM; 2tT2`BK2Mib rBi? i?2 +Hmbi2`BM;
7`K2rQ`F bvbi2K b  r?QH2- 7m`i?2` MHvxBM; i?2 BMi2`+iBQMb #2ir22M i?2 BM/BpB/mH bi2TbX
AM ;2M2`H- r2 mb2 i?2 /ib2i /2`Bp2/ 7`QK 6HB+F` r?B+? r2 H`2/v T`2b2Mi2/ BM /2iBH BM
*?Ti2` 9 7Q` HH Qm` 2tT2`BK2MibX AM 2+? b2+iBQM 7Q` i?2 bBM;H2 bi2Tb QTiBKBxiBQM r2 /2b+`B#2
2t+iHv r?i T`ib Q7 i?2 /ib2i r2`2 mb2/X HH QTiBKBxiBQM 2tT2`BK2Mib QMHv KF2 mb2 i?2
i`BMBM; b2i Q7 _2a11.X h?Bb Bb /QM2 iQ pQB/ i?i Mv }MH `2bmHib #b2/ QM i?2 i2bi b2i
`2 BM~m2M+2/ TQbBiBp2Hv Q` M2;iBp2HvX 6Q` i?2 2pHmiBQM Q7 i?2 `2bmHib r2 mb2 i?2 2pHmiBQM
K2i?Q/b r?B+? r2 T`QTQb2/ 7Q` i?2 /ib2i Ub22 a2+iBQM 9X9XjVX AM i?2 7QHHQrBM; r2 bi`i rBi?
 /2}MBiBQM Q7 i?2 K2bm`2 mb2/ iQ 2pHmi2 i?2 T2`7Q`KM+2 Q7 Qm` TT`Q+?X
 'HILQLWLRQ RI (YDOXDWLRQ 0HDVXUHV
AM a2+iBQM 9X9Xj r2 T`QTQb2/ /Bz2`2Mi 2pHmiBQM K2bm`2b r?B+? `2 bmBi#H2 iQ 2pHmi2 +Hmb@
i2`BM;b Q7 i?2 _2a11. /ib2iX h?2 BK Q7 i?2b2 K2bm`2b Bb iQ HHQr M 2bv +QKT`BbQM Q7

&KDSWHU  ([SHULPHQWDO 6HWXS DQG 5HVXOWV RI WKH 6XSHUYLVHG 6LQJOH3DVV &ODVVLƓFDWLRQ
Qm` `2bmHib rBi? i?2 `2bmHib Q7 Qi?2`bX HH T`QTQb2/ K2bm`2b `2 +QKKQM 2pHmiBQM K2bm`2b
7`QK i?2 i2ti KBMBM; M/ K+?BM2 H2`MBM; HBi2`im`2 r?B+? `2 ivTB+HHv 2KTHQv2/ iQ K2bm`2
i?2 [mHBiv Q7  +Hmbi2`BM;X 6Q` Qm` 2tT2`BK2Mib- r2 2KTHQv i?2 r2HH@2bi#HBb?2/ 6@K2bm`2X
AMBiBH 2tT2`BK2Mib rBi? LQ`KH JmimH AM7Q`KiBQM b?Qr2/ p2`v ?B;? `2bmHib 7Q` KMv /Bz2`@
2Mi +Hmbi2`BM;b r?B+?- BM Qm` QTBMBQM- /Q2b MQi ?2HT iQ Dm/;2 i?2 `2H TT`QT`Bi2M2bb Q7 i?2
+Hmbi2`BM; b r2HH b i?2 +QKT`BbQM rBi? Qi?2` TT`Q+?2bX h?2`27Q`2- r2 QMHv KF2 mb2 Q7 i?2
6@K2bm`2X
F @K2bm`2 Bb i?2 r2B;?i2/ ?`KQMB+ K2M Q7 T`2+BbBQM M/ `2+HHX h?2`2 `2 irQ /Bz2`2Mi
p`BMib, KB+`Q@ M/ K+`Q@p2`;2/X AM Qm` +b2- r2 mb2 i?2 KB+`Q@p2`;2/ p2`bBQM rBi? 
?B;?2` +QKTmiiBQMH 2zQ`iX AM i?Bb p`BMi- T`2+BbBQM M/ `2+HH `2 +QKTmi2/ M/ p2`;2/
/Q+mK2Mi@rBb2X AM ;2M2`H- T`2+BbBQM P M/ `2+HH R `2 /2}M2/ b ;Bp2M BM i?2 7QHHQrBM; irQ
2[miBQMb,















h?2 p`B#H2 *Hmbi2`(d) /2MQi2b i?2 +Hmbi2`BM; T`Q/m+2/ #v i?2 +HbbB}+iBQM bvbi2K iQ #2
2pHmi2/ M/ :QH/aiM/`/(d) /2MQi2b i?2 mM/2`HvBM; ;QH/ biM/`/ iQ #2 2pHmi2/ ;BMbiX
>pBM; /2i2`KBM2/ #Qi? T`2+BbBQM M/ `2+HH- i?2 ;2M2`H 6@K2bm`2 Fβ Bb +H+mHi2/ b 7QHHQrb,
'HƓQLWLRQ ě *HQHUDO )0HDVXUH
Fβ =
(β + 1) · P ·R
(β2 · P ) +R UeXjV
h?2 p`B#H2 β BM i?2 2[miBQM Bb  `2HiBp2 r2B;?i 7Q` T`2+BbBQM M/ `2+HHX AM Qm` +Hmbi2`BM; ibF
Bi KB;?i #2 /2bB`#H2 iQ r2B;?i i?2 T`2+BbBQM b KQ`2 BKTQ`iMiX h?2 `2bQM 7Q` i?Bb Bb i?i 7`QK
i?2 T2`bT2+iBp2 Q7  mb2`  Tm`2` +Hmbi2`BM; Bb 7pQ`2/- DmbiB7vBM;  ?B;?2` r2B;?i Q7 T`2+BbBQM
Qp2` `2+HHX L2p2`i?2H2bb- 7Q` i?2 bF2 Q7 +QKT`#BHBiv rBi? Qi?2` TT`Q+?2b- r2 `27`BM 7`QK
b2iiBM; β iQ  /Bz2`2Mi pHm2 i?M RX
h?2`27Q`2- r2 K2bm`2 i?2 T2`7Q`KM+2 Q7 Qm` TT`Q+? mbBM; i?2 F1@K2bm`2 /2}M2/ b 7QH@
HQrb,
'HƓQLWLRQ ě )0HDVXUH




 2SWLPL]LQJ &DQGLGDWH 5HWULHYDO
AM i?2 7QHHQrBM;- HH BM/B+iBQMb Q7 [mHBiv BM7Q`KiBQM `2 /2MQi2/ BM i2`Kb Q7 6@K2bm`2- T`2@
+BbBQM- M/ `2+HH b /2}M2/ #Qp2X
 2SWLPL]LQJ &DQGLGDWH 5HWULHYDO
AM Qm` 7`K2rQ`F- r2 T`QTQb2 iQ mb2  +M/B/i2 `2i`B2pH bi2T BM Q`/2` iQ KF2 i?2 Qp2`HH
TT`Q+? b+H#H2X h?2 KBM /pMi;2 Q7 i?Bb bi2T Bb i?i r2 M22/ iQ +QKT`2 QMHv i?Qb2
TB`b r?B+? r2`2 T`QTQb2/ #v i?2 +M/B/i2 `2i`B2pH TT`Q+? BMbi2/ Q7 ?pBM; iQ +QKT`2
i?2 M2rHv ``BpBM; /Q+mK2Mi rBi? HH 2p2Mib BM i?2 +m``2Mi 2p2Mi b2iX h?2`27Q`2- r2 `2 7+2/
rBi? i?2 T`Q#H2K Q7 }M/BM;  KBMBKH MmK#2` Q7 2p2Mi +M/B/i2b KQM; r?B+? i?2 +Q``2+i
+M/B/i2 Bb BM+Hm/2/X
AM i?2 7QHHQrBM;- r2 +QKT`2 i?2 /Bz2`2Mi +M/B/i2 `2i`B2pH bi`i2;B2b ci r?B+? r2 T`QTQb2/
BM a2+iBQM 8XjX AM i?2 7QHHQrBM;- r2 T`2b2Mi Qm` K2i?Q/ iQ +QKT`2 i?2 /Bz2`2Mi +M/B/i2
`2i`B2pH bi`i2;B2b- M/ +QM+Hm/2 rBi? i?2 T`2b2MiiBQM Q7 Qm` }M/BM;bX
q2 7QHHQr irQ bi`i2;B2b iQ QTiBKBx2 i?2 +M/B/i2 `2i`B2pH bi2TX AM i?Bb b2+iBQM r2 T`2b2Mi M
MHvbBb Q7 i?2 2z2+iBp2M2bb Q7 i?2 +M/B/i2 `2i`B2pH Bib2H7X Gi2`- r2 +QKT`2 i?2 BM~m2M+2 Q7
i?2 /Bz2`2Mi +M/B/i2 `2i`B2pH bi`i2;B2b BM i2`Kb Q7 Qp2`HH +HbbB}+iBQM T2`7Q`KM+2c i?Bb Bb
/2b+`B#2/ BM a2+iBQM eX8XRX
 ([SHULPHQWDO 6HWWLQJV
hQ +QM/m+i Qm` 2tT2`BK2Mib- r2 mb2 i?2 i`BMBM; bTHBi Q7 Qm` /ib2i b  #bBbX h?2 2tT2`BK2Mib
+QM/m+i2/ 7Q` i?2 QTiBKBxiBQM Q7 i?2 +M/B/i2 `2i`B2pH KF2 mb2 Q7 HH jye-R8N /Q+mK2Mib
BM+Hm/2/ BM i?2 i`BMBM; bTHBi iQ;2i?2` rBi? i?2 +Q``2bTQM/BM; ;QH/ biM/`/ BM7Q`KiBQMX h?2
/i Bb MQi KQ/B}2/ BM Mv 7Q`KX
AM T`2T`iBQM 7Q` i?2 2pHmiBQM- r2 /Ti Qm` 7`K2rQ`F BM  rv bQ i?i M QTiBKH +Hmbi2`BM;
Bb bBKmHi2/X Ai Bb Qm` BK iQ #mBH/ i?Bb +Hmbi2`BM; bBKmHiBQM TT`Q+? HHQrBM; i?2 +Hmbi2`BM;
iQ #2 M QTiBKH Bi2`iBp2 +Hmbi2`BM; T`Q+2bb mbBM; i?2 ;QH/ biM/`/ BM7Q`KiBQM iQ bbB;M i?2
/Q+mK2Mib iQ i?2B` +Q``2+i 2p2MibX h?2 M2r 2p2Mi +`2iBQM M/ i?2 bbB;MK2Mi iQ M 2p2Mi
Bb /QM2 mbBM; i?2 ;QH/ biM/`/ KTTBM;X h?Bb bBKmHiBQM HHQrb i?2 MHvbBb Q7 HH 2tBbiBM;
2p2Mib i i?2 iBK2 Q7 TT2`M+2 7Q` 2+? /Q+mK2Mi BM i?2 /ib2i M/ i?2B` /BbiM+2 `2;`/BM;
/Bz2`2Mi bBKBH`Biv K2bm`2bX
AM Q`/2` iQ MHvx2 i?2 2z2+iBp2M2bb Q7 2+? +Hmbi2`BM; bi`i2;v ci- r2 M22/ iQ /2i2`KBM2 i?2
MmK#2` Q7 2p2Mib iQ #2 `2i`B2p2/ biBHH 2Mbm`BM; i?i i?2 +Q``2bTQM/BM; +Q``2+i 2p2Mi 7Q` i?2 /Q+@
mK2Mi Bb BM+Hm/2/ BM i?2 2p2Mi +M/B/i2 b2iX hQ i?Bb 2M/- r2 2KTHQv i?2 +Hmbi2`BM; bBKmHiBQMX
6Q` 2+? /Q+mK2Mi BM i?2 Bi2`iBp2 +Hmbi2`BM; T`Q+2bb- r2 `2i`B2p2 i?2 `MFb Q7 Bib +Q``2bTQM/BM;
+Q``2+i 2p2Mi b `2im`M2/ #v i?2 /Bz2`2Mi +M/B/i2 `2i`B2pH bi`i2;B2b ciX h?Bb Bb b?QrM KQ`2
7Q`KHHv BM H;Q`Bi?K eXRX
7i2` ?pBM; /2i2`KBM2/ i?2 BM/BpB/mH `MFb 7Q` 2+? /Q+mK2Mi M/ +M/B/i2 `2i`B2pH bi`i2;v-
r2 `2 #H2 iQ +QmMi 7Q` 2+? `MF ?Qr Q7i2M Bi TT2`2/ BM i?2 T`Q+2bbX 1+? `MF +imHHv

&KDSWHU  ([SHULPHQWDO 6HWXS DQG 5HVXOWV RI WKH 6XSHUYLVHG 6LQJOH3DVV &ODVVLƓFDWLRQ
H;Q`Bi?K eXR, .2i2`KBMiBQM Q7 `MFb 7Q` i?2 +M/B/i2 `2i`B2pH bi`i2;B2b mbBM; M QTiBKH
/2+BbBQM 7Q` 2p2Mi +`2iBQM M/ bbB;MK2Mi
AMTmi , h`BMBM; bi`2K Q7 _2a11. /ib2i rBi? /Q+mK2Mib D M/ ;QH/ +Hmbi2`BM; E-
+Hmbi2`BM; bi`i2;B2b C
PmiTmi , .Q+mK2Mib +Hmbi2`2/ #v i?2B` 2p2Mi 7QHHQrBM; i?2 ;QH/ biM/`/
7Q`2+? d ∈ D /Q
7Q`2+? c ∈ C /Q
Rankc(d)← `MF Q7 2p2Mi iQ r?B+? d #2HQM;b Q` y B7 M2r 2p2Mic
2M/
egold ← d(E)c
B7 d ̸∈ e i?2M








`2T`2b2Mib i?2 MmK#2` Q7 M22/2/ +M/B/i2b iQ #2 `2i`B2p2/X A7 r2 MQr rMi iQ FMQr 7Q` ?Qr
KMv /Q+mK2Mib r2 +M ;2i i?2 +Q``2+i +M/B/i2 B7  +2`iBM MmK#2` Q7 +M/B/i2b Bb `2i`B2p2/-
r2 bBKTHv ?p2 iQ bmK mT HH MmK#2` Q7 TT2`M+2b Q7 2+? `MF r?B+? Bb 2[mH Q` bKHH2`
i?M i?2 MmK#2` Q7 +M/B/i2b iQ #2 `2i`B2p2/X lbBM; i?Bb i2+?MB[m2- r2 Q#iBM kX h?Bb Bb /QM2
7Q` 2+? +M/B/i2 `2i`B2pH bi`i2;v ci BM/BpB/mHHvX >pBM; Q#iBM2/ i?2b2 pHm2b- Bi Bb i?2M
TQbbB#H2 iQ +QKTmi2 i?2 2z2+iBp2M2bb 1z2+iBp2M2bb(ci, k) b T`QTQb2/ BM 1[miBQM U8X8V 7Q` 2+?
+M/B/i2 `2i`B2pH bi`i2;v ci M/  +2`iBM MmK#2` Q7 +M/B/i2b kX
 5HVXOWV
AM i?Bb b2+iBQM r2 T`2b2Mi i?2 `2bmHib Q7 Qm` QTiBKBxiBQM 2tT2`BK2Mib `2;`/BM; i?2 +M/B/i2
`2i`B2pH bi`i2;B2bX q2 bi`i rBi? M MHvbBb Q7 i?2 2z2+iBp2M2bb 7QHHQr2/ #v M 2tKBMiBQM
Q7 i?2 +QKTmiiBQMH +Qbib 7Q` 2+? +M/B/i2 `2i`B2pH bi`i2;vX
(IIHFWLYHQHVV RI &DQGLGDWH 5HWULHYDO
q2 }`bi 2tKBM2 i?2 2z2+iBp2M2bb Q7 i?2 bBM;H2 +M/B/i2 `2i`B2pH bi`i2;B2b c1, ..., c6X h?2b2
r2`2, `2i`B2pH #v mTHQ/ M/ +Tim`2 iBK2- #v ;2Q;`T?B+ HQ+iBQM- M/ #v i?2 i?`22 i2timH
72im`2b Ui;b- iBiH2- M/ /2b+`BTiBQMVX h?2 2z2+iBp2M2bb Q7 HH i?2b2 bi`i2;B2b /2T2M/BM; QM i?2
MmK#2` k Q7 2p2Mib `2i`B2p2/ Bb /2TB+i2/ BM 6B;m`2 eXRX


























)LJXUH  (IIHFWLYHQHVV RI GLIIHUHQW VLQJOHVWUDWHJ\ FDQGLGDWH UHWULHYDO VWUDWHJLHV
q2 +M b22 i?i QMHv i?2 +M/B/i2 `2i`B2pH bi`i2;B2b #b2/ QM i2KTQ`H 72im`2b M/ QM
h6@A.6 pHm2b Q7 i?2 i;b `2+? 2z2+iBp2M2bb b+Q`2b ?B;?2` i?M 3yW- M/ QMHv i?2 i2KTQ`H
+M/B/i2 `2i`B2pH bi`i2;B2b +QK2 +HQb2 iQ M 2z2+iBp2M2bb Q7 RyyWX >Qr2p2`- i?Bb ?b i?2 +Qbi
Q7 ?pBM; iQ `2i`B2p2 KQ`2 i?M 9yy iQ 8yy 2p2MibX Ai Bb BMi2`2biBM; iQ b22 i?i i?2 ;2Q;`T?B+
HQ+iBQM@#b2/ bi`i2;v `2+?2b  THi2m i M 2z2+iBp2M2bb Q7 #Qmi 98W- #mi `2+?2b Bib
KtBKH 2z2+iBp2M2bb p2`v [mB+FHv 7Q` k = 6X L2p2`i?2H2bb- i?2 2z2+iBp2M2bb Q7 i?2 iBK2@#b2/
+M/B/i2 `2i`B2pH bi`i2;B2b Bb Hrvb #2ii2`X
AM h#H2 eXR r2 b?Qr i?2 MmK#2` Q7 2p2Mib i?i ?p2 iQ #2 `2i`B2p2/ #v 2+? +M/B/i2 `2i`B2pH
bi`i2;v BM Q`/2` iQ `2+? M 2z2+iBp2M2bb Q7 jyW- eyW- 3yW- NyW- M/ N8W- `2bT2+iBp2HvX Ai
Bb `2K`F#H2 i?i QMHv 7Qm` +M/B/i2 `2i`B2pH bi`i2;B2b `2+? M 2z2+iBp2M2bb Qp2` 3yW- M/
QMHv i?`22 Q7 i?2 bi`i2;B2b `2+? KQ`2 i?M NyW- r?2`2 i?2 MmK#2` Q7 `2i`B2p2/ +M/B/i2
2p2Mib k Bb biBHH rBi?BM M ++2Ti#H2 `M;2 `2;`/BM; i?2 b+H#BHBiv 7Q` i?2 r?QH2 bvbi2K UrBi?
`2HiBQM iQ i?2 MmK#2` Q7 /Q+mK2Mi@2p2Mi +QKT`BbQMb 7Q` 2+? /Q+mK2MiVX
7DEOH  1HHGHG QXPEHU RI N WR UHDFK [  HIIHFWLYHQHVV
*M/B/i2 _2i`B2pH ai`i2;v N8W NyW 3yW eyW jyW
lTHQ/ hBK2 8k kR d R R
*Tim`2 hBK2 jd Rd e k R
:2Q Ĝ Ĝ Ĝ Ĝ R
h;b Nye Ryj RN j R
hBiH2 Ĝ Ĝ Ĝ Ry3 R
.2b+`BTiBQM Ĝ Ĝ Ĝ Ĝ R3j
PTiBKH *QK#BMiBQM 8 j k R R


























)LJXUH  5HWULHYDO WLPH DQG HIIHFWLYHQHVV IRU WKH RSWLPDO FRPELQDWLRQ RI VLQJOH FDQGLGDWH UHWULHYDO VWUDWHJLHV RYHU
N
M BKTQ`iMi Q#b2`piBQM `2;`/BM; i?2 2z2+iBp2M2bb Bb i?i r?BH2 i?2 i2KTQ`H +M/B/i2 `2@
i`B2pH bi`i2;B2b +?B2p2 M 2z2+iBp2M2bb Q7 N8W 7Q` ?B;?2` kb U8k M/ jdV- i?2 QTiBKH +QK@
#BMiBQM Ub22 a2+iBQM 8XjXkV `2+?2b i?Bb 2z2+iBp2M2bb 7i2` QMHv e 2p2Mib `2i`B2p2/X h?Bb Bb
BMi2`2biBM; b Bi bm;;2bib i?i i?Bb bi`i2;v ?b  Km+? #2ii2` +Qbi@2z2+iBp2M2bb `iBQ +QKT`2/
iQ i?2 iBK2biKT@#b2/ bi`i2;B2bX
AM 6B;m`2 eXk r2 THQi i?2 2z2+iBp2M2bb b r2HH b i?2 `2i`B2pH iBK2 7Q` i?2 QTiBKH +QK#BMiBQM
bi`i2;v Qp2` /Bz2`2Mi pHm2b Q7 kX h?Bb bi`i2;v b?Qrb i?i i?2 /Bz2`2Mi bi`i2;B2b c1 iQ
c6 iQ;2i?2` `2 2z2+iBp2 7Q` i?2 `2i`B2pH Q7 /Bz2`2Mi 2p2Mibc i?Bb K2Mb i?i 2+? +M/B/i2
`2i`B2pH bi`i2;v `2i`B2p2b MQM@Qp2`HTTBM; 2p2MibX h?2 QTiBKH +QK#BMiBQM bi`i2;v b22Kb iQ
#`BM; M /pMi;2b Qp2` HH bBM;H2 bi`i2;B2bX h?2 +QK#BMiBQM `2+?2b M 2z2+iBp2M2bb Q7 N3W
i k = 10X 6m`i?2`- i?2 /B;`K b?Qrb i?i i?2 `2i`B2pH iBK2 `2KBMb 7B`Hv +QMbiMi +`Qbb
/Bz2`2Mi pHm2b Q7 `2i`B2p2/ +M/B/i2b kX >Qr2p2`- i?2 `2i`B2pH iBK2 7Q` Mv iBK2biKT@#b2/
bi`i2;v Bb mT iQ jy iBK2b HQr2`- M2p2` 2t+22/BM;  `2i`B2pH iBK2 Q7 yXyyj bX
Ai Bb BKTQ`iMi iQ MQi2- ?Qr2p2`- i?i i?2 #Qp2 Q#b2`piBQMb /Q MQi BKTHv i?i i?2 QTiBKH
+QK#BMiBQM +M/B/i2 `2i`B2pH bi`i2;v ?b i?2 #2bi +Qbi pbX +HbbB}+iBQM T2`7Q`KM+2 i`/2Qz
rBi? `2bT2+i iQ Qm` +HbbB}+iBQM ibFX Gi2`- BM a2+iBQM eX8- r2 im`M iQ 2tKBM2 i?2 +Qbi@
T2`7Q`KM+2 `iBQ Q7 i?2 /Bz2`2Mi bi`i2;B2b rBi? `2bT2+i iQ i?2 Qp2`HH +HbbB}+iBQM T2`7Q`KM+2
Q7 i?2 bvbi2K BM i2`Kb Q7 6@K2bm`2X
6FDODELOLW\ DQG 3URFHVVLQJ 7LPH
b +M #2 b22M BM 6B;m`2 eXk- i?2 iBK2 M22/2/ iQ `2i`B2p2 i?2 +M/B/i2b Bb 7B`Hv +QMbiMi +`Qbb
/Bz2`2Mi pHm2b Q7 kX h?Bb Bb i?2 +b2 7Q` HH +M/B/i2 `2i`B2pH bi`i2;B2bX >Qr2p2`- i?2 Qp2`HH
T`Q+2bbBM; iBK2 `2[mB`2/ +H2`Hv BM+`2b2b rBi? i?2 KQmMi Q7 kX h?2 ;`T? BM 6B;m`2 eXj /2TB+ib
i?2 Qp2`HH T`Q+2bbBM; iBK2 Q7 i?2 bvbi2K b  r?QH2 mbBM; mTHQ/ iBK2@#b2/ +M/B/i2 `2i`B2pH
Qp2` i?2 MmK#2` k Q7 2p2Mi +M/B/i2b +QMbB/2`2/X

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)LJXUH  $YHUDJH SURFHVVLQJ WLPH IRU RQH GRFXPHQW RYHU GLIIHUHQW N EDVHG RQ 8SORDG 7LPH FDQGLGDWH UHWULHYDO
VWUDWHJ\
h?2 `2i`B2pH iBK2b mbBM; i?2 /Bz2`2Mi bi`i2;B2b c1 iQ c6 `2 /Bz2`2MiX Ai Bb Q#pBQmb i?i i?2
HQr2bi `2i`B2pH iBK2 Bb +?B2p2/ mbBM; i?2 iBK2@#b2/ bi`i2;B2b c1 M/ c2 #2+mb2  [m2`v
M22/BM; iQ +QKT`2 QM2 bBM;H2 BMi2;2` pHm2 +M #2 T`Q+2bb2/ p2`v 2{+B2MiHv mbBM; BM/2t2/
bi`m+im`2b BM i?2 /i biQ`;2X h?2 i2ti@#b2/ `2i`B2pH bi`i2;B2b `2 i?2 KQbi 2tT2MbBp2 b
KMv +QKT`BbQMb ?p2 iQ #2 K/2X *QK#BMBM; i?2 bBM;H2 bi`i2;B2b b /QM2 BM i?2 mMB7Q`K
Q` QTiBKH +Hmbi2`BM;- i?2 `2i`B2pH iBK2 Bb BM?2`2MiHv #B;;2` b 7Q` 2+? [m2`v KmHiBTH2 bBM;H2
[m2`B2b ?p2 iQ #2 2t2+mi2/X
q2 +M Q#b2`p2 i?i i?2 +QKTmiiBQM iBK2 T2` /Q+mK2Mi BM+`2b2b B7 KQ`2 +M/B/i2b `2
`2i`B2p2/X h?Bb Bb BM/22/ +QMbBbi2Mi b KQ`2 +QKT`BbQMb ?p2 iQ #2 K/2X JQ`2 BKTQ`iMiHv-
i?2 BM+`2b2 BM +QKTmiiBQMH +Qbi b22Kb iQ #2 HBM2` BM k Ub22 HbQ i?2 HBM2` +Q``2HiBQM BM
6B;m`2 eXjVX b  +QMb2[m2M+2- r2 B/2MiB7v i?i KBMBKBxBM; k Bb i?2 F2v Bbbm2 iQr`/b b+HBM;
mT i?2 bvbi2KX PM+2 k Bb }t2/- i?2 +QKTmiiBQM iBK2 7Q` 2+? /Q+mK2Mi Bb +QMbiMi `2;`/H2bb
Q7 i?2 2p2Mi /i#b2 bBx2c i?Bb Bb M BKTQ`iMi `2[mB`2K2Mi 7Q` b+H#BHBivX
 &RQFOXVLRQ
AM i?Bb b2+iBQM r2 ?p2 #22M +QM+2`M2/ rBi? i?2 [m2biBQM Q7 ?Qr iQ b+H2 mT i?2 +HbbB}+iBQM
T`Q+2bb bQ i?i Bi +M #2 T2`7Q`K2/ BM `2H@iBK2 #v QTiBKBxBM; i?2 +M/B/i2 `2i`B2pH bi2TX am+?
 bi2T Bb +`m+BH iQ `2/m+2 i?2 iQiH MmK#2` Q7 2p2Mib i?i `2 +QMbB/2`2/ b TQi2MiBH +M/B/i2b
iQ r?B+? i?2 BM+QKBM; /i TQBMi +QmH/ #2HQM; iQX h?Bb 2M#H2b mb iQ b+H2 mT iQ i?2 /i bBx2b
M/ /i `i2b M22/2/ r?2M /2HBM; rBi? bQ+BH K2/B TTHB+iBQMb /iX
q2 ?p2 2tT2`BK2MiHHv +QKT`2/ /Bz2`2Mi +M/B/i2 `2i`B2pH bi`i2;B2b rBi? `2bT2+i iQ i?2B`
2z2+iBp2M2bb b r2HH b +QKTmiiBQMH +QbiX lbBM;  +M/B/i2 `2i`B2pH bi`i2;v- i?2 p2`;2
T`Q+2bbBM; iBK2 7Q` QM2 /Q+mK2Mi ?b #22M }t2/- i?mb HHQrBM; iQ T`Q+2bb M mMHBKBi2/ MmK#2`
Q7 /Q+mK2Mib rBi?Qmi M 2tTQM2MiBH ;`Qri? Q7 M22/2/ +QKTmiiBQM iBK2X h?2`27Q`2- i?2

&KDSWHU  ([SHULPHQWDO 6HWXS DQG 5HVXOWV RI WKH 6XSHUYLVHG 6LQJOH3DVV &ODVVLƓFDWLRQ
BMi`Q/m+iBQM Q7 i?2 +M/B/i2 `2i`B2pH bi2T KF2b Bi TQbbB#H2 7Q` mb iQ +Hmbi2`  H`;2@b+H2
/ib2i rBi?BM  72bB#H2 iBK2 T2`BQ/X AM 7m`i?2` 2tT2`BK2Mib r2 rBHH 2tKBM2 i?2 BM~m2M+2 Q7
i?2 +M/B/i2 `2i`B2pH bi`i2;B2b QM i?2 Qp2`HH +Hmbi2`BM; T`Q+2bb M/ i?2 BKT+i QM i?2 }MH
`2bmHib BM i2`Kb Q7 [mHBivX
 /HDUQLQJ 6LPLODULW\ )XQFWLRQV
7i2` i?2 2ti`+iBQM Q7 TB`rBb2 72im`2b 7Q`  +QK#BMiBQM Q7  /Q+mK2Mi M/ 2p2Mi- r2 2M/ mT
rBi?  72im`2 p2+iQ` Q7 bBM;H2 bBKBH`BiB2bX q2 `2 7+2/ rBi? i?2 +?HH2M;2 iQ }M/ M TT`QT`Bi2
rv QM ?Qr iQ +QK#BM2 i?2b2 bBM;H2 bBKBH`BiB2b iQ Q#iBM M Qp2`HH bBKBH`Biv pHm2 7Q` i?Bb
+QK#BMiBQMX
q2 mb2 i?2 bBM;H2 bBKBH`Biv K2i`B+b T`QTQb2/ BM a2+iBQM 8X9 b  #bBb- bFBM; ?Qr r2 +M
H2`M M Qp2`HH bBKBH`Biv 7mM+iBQM r?B+? +QK#BM2b i?2b2 /Bz2`2Mi K2bm`2b rBi? i?2 `2bmHi Q7
 biBb7+iQ`v K2bm`2 Q7 Qp2`HH bBKBH`Biv #2ir22M  /Q+mK2Mi M/ M 2p2MiX h?2`27Q`2- BM
i?Bb b2+iBQM r2 2tT2`BK2Mi rBi? i?2 H2`MBM; Q7 bm+? bBKBH`Biv 7mM+iBQMbX q2 2KTHQv /Bz2`2Mi
+HbbB}+iBQM H;Q`Bi?Kb iQ H2`M ?Qr iQ +QK#BM2 i?2 bBM;H2 K2i`B+b BM M QTiBKBx2/ rvX >pBM;
bm+?  K2i`B+- r2 rBHH #2 #H2 iQ b+Q`2 /Q+mK2Mi@2p2Mi TB`bX h?Bb Bb i?2 #bBb iQ `MF /Q+mK2Mi@
2p2Mi TB`bX h?Bb b+Q`2 Bb i?2M M22/2/ 7Q` 7m`i?2` +HbbB}+iBQM /2+BbBQMbX
 ([SHULPHQWDO 6HWWLQJV
AM i?Bb b2+iBQM r2 /2b+`B#2 Qm` 2tT2`BK2MiH b2iiBM;b iQ H2`M bBKBH`Biv 7mM+iBQMbX 6B`bi- r2
/2b+`B#2 i?2 T`ib Q7 i?2 i`BMBM; /ib2i mb2/ 7Q` i?2 +QM/m+iBQM Q7 i?2 2tT2`BK2MibX 7i2`
i?i- r2 /2b+`B#2 i?2 bi`i2;B2b 7Q` i`BMBM; i?2 +HbbB}+iBQM H;Q`Bi?KbX AM i?2 Hbi bm#b2+iBQM
r2 i?2M 2tTHBM Qm` H2p2@QM2@Qmi bi`i2;v r?B+? Bb i?2 #bBb 7Q` i?2 /2i2`KBMiBQM Q7 ?Qr r2HH
 /Q+mK2Mi +M #2 bbB;M2/ iQ M 2p2Mi mbBM; i?2 /2+BbBQM Q7 i?2 +HbbB}2`X
'DWD 6SOLWV DQG 6DPSOLQJ 6WUDWHJLHV
q2 QM+2 ;BM mb2 i?2 i`BMBM; bTHBi Q7 Qm` /ib2i 7Q` Qm` 2tT2`BK2MibX h?Bb iBK2- i?2 jye-R8N
/Q+mK2Mib Q7 i?2 i`BMBM; bTHBi `2 T`iBiBQM2/ BMiQ b2p2M bm#bTHBib +QMiBMBM; 9j-djd i`BMBM;
/Q+mK2Mib 2+?X >pBM; i?2b2 b2p2M 2[mH T`ib- r2 mb2 i?2K 7Q` +`Qbb@pHB/iBQM- HHQrBM; mb
iQ i`BM QM QM2 bm#bTHBi M/ iQ i2bi i?2 KQ/2H QM i?2 bBt Qi?2` bm#bTHBibX
q2 mb2 i?`22 /Bz2`2Mi bi`i2;B2b iQ +QMbi`m+i i?2 i`BMBM; /ib2i QM i?2 #bBb Q7 i?2 bBKBH`Biv
7mM+iBQM H2`M2/X h?2b2 bi`i2;B2b `2 mb2/ rBi? HH bm#bTHBibX 1+? /i bm#bTHBi +QMbBbib Q7 
bm#b2i Q7 HH i?2 /Q+mK2Mib BM [m2biBQMX 6Q` 2+? /Q+mK2Mi M/ 2+? +2Mi`QB/ `2T`2b2MiBM; M
2p2Mi- i?2 +Q``2bTQM/BM; bBKBH`Biv p2+iQ` v⃗sim(d, e) Bb +QKTmi2/X SB`b Udi, e(di)V +QMbBbiBM; Q7
 /Q+mK2Mi di M/ i?2 +Q``2bTQM/BM; 2p2Mi e(di) `2 mb2/ b TQbBiBp2 2tKTH2bX
AM/2T2M/2Mi Q7 i?2 mb2/ bKTHBM; bi`i2;v r2 KF2 bm`2 i?i i?2 i`BMBM; /i b2i Bb #HM+2/-
;2M2`iBM;  MmK#2` Q7 M2;iBp2 2tKTH2b i?i Ki+?2b 2t+iHv i?2 MmK#2` Q7 TQbBiBp2 2tKTH2bX
AM i?2 7QHHQrBM; r2 /2b+`B#2 ?Qr i?Bb Bb +?B2p2/ 7Q` i?2 i?`22 /Bz2`2Mi bi`i2;B2b r2 +QMbB/2`,

 /HDUQLQJ 6LPLODULW\ )XQFWLRQV
Ç _M/QK, lbBM; i?2 `M/QK K2i?Q/-  bm#b2i Q7 /Q+mK2Mib 7`QK i?2 i`BMBM; b2i Bb
`2i`B2p2/ `M/QKHvX  M2;iBp2 2tKTH2 Bb +`2i2/ #v +QKTmiBM; i?2 bBKBH`Biv p2+iQ` Q7
i?2 /Q+mK2Mi M/  `M/QKHv +?Qb2M +2Mi`QB/ Q7 M 2p2Mi r?B+? i?2 /Q+mK2Mi /Q2b MQi
#2HQM; iQX
Ç hBK2@#b2/, h?2 /Q+mK2Mib Q7 i?2 2p2Mib `2 mTHQ/2/ iQ 6HB+F` BM  iBK2@Q`/2`2/
KMM2`X h?mb- Bi b22Kb Mim`H iQ +?QQb2 n +QMb2+miBp2 /Q+mK2Mib 7`QK i?2 i`BMBM; b2iX
q2 mb2 i?2 }`bi /Q+mK2Mib TT2`BM; BM 2+? bTHBiX hQ +`2i2 i?2 M2;iBp2 2tKTH2b r2
mb2 i?2 `M/QK bi`i2;v b /2b+`B#2/ #Qp2X
Ç L2`2bi, >2`2- r2 HbQ +?QQb2 n +QMb2+miBp2 /Q+mK2Mib 7`QK i?2 i`BMBM; /ib2i b
r2 /B/ BM i?2 iBK2@#b2/ bi`i2;vX >Qr2p2`- BM i?Bb +b2- i?2 M2;iBp2 2tKTH2b `2 +?Q@








6BMHHv- r2 2M/ mT rBi? kR i`BMBM; b2ib- QM2 7Q` 2+? Q7 i?2 i?`22 bi`i2;B2b 7Q` 2p2`v bm#bTHBiX
7UDLQLQJ ([DPSOHV IRU &ODVVLILHU 7UDLQLQJ 6WUDWHJLHV
_2;`/BM; i?2 +`2iBQM Q7 i?2 i`BMBM; 2tKTH2b- r2 +QMbB/2` 2+? i`BMBM; /i bm#bTHBi BM/B@
pB/mHHvX q2 +?QQb2 m TQbBiBp2 M/ m M2;iBp2 2tKTH2b 7`QK 2+? Q7 i?2b2 bTHBib ++Q`/BM; iQ
i?`22 bKTHBM; bi`i2;B2b /2b+`B#2/ BM i?2 T`2pBQmb b2+iBQMX
6Q` m r2 +QMbB/2` i?2 7QHHQrBM; pHm2b Ryy- kyy- jyy- 9yy- 8yy- Ryyy- kyyy- 9yyy- 3yyy- Reyyy-
M/ jkyyyX b +HbbB}2`b r2 /2+B/2/ iQ mb2  biM/`/ aoJ-  `MFBM; aoJ- b r2HH b 
.2+BbBQM h`22X AM Q`/2` iQ #2 #H2 iQ +QKT`2 i?2 `2bmHib Q7 i?2b2 +HbbB}2`b r2 mb2 i?2 bK2
i`BMBM; 2tKTH2b 7Q` HH i?`22 Q7 i?2KX
6Q` i?2 biM/`/ aoJ M/ i?2 .2+BbBQM h`22 r2 mb2 i?2 +Hbb H#2Hb ǳ1Ǵ 7Q` TQbBiBp2 M/ ǳ−1Ǵ
7Q` M2;iBp2 2tKTH2bX 6Q` i?2 `MFBM; aoJ r2 ?p2 iQ ;`QmT TQbBiBp2 M/ M2;iBp2 2tKTH2b
BMiQ  `MF2/ ;`QmT r?2`2 i?2 /Q+mK2Mi@2p2Mi TB` Udi, e(di)V ;2ib  ?B;?2` `MF UH#2H ǳkǴV
i?M i?2 TB` Udi, e′V r?2`2 i?2 bK2 /Q+mK2Mi Bb +QKT`2/ iQ  +2Mi`QB/ Q7 M 2p2Mi +Hmbi2` Bi
/Q2b MQi #2HQM; iQ UH#2H ǳRǴVX
&ODVVLILHU 6HWWLQJV
AM Qm` 2tT2`BK2Mib r2 `2Hv QM i?`22 /Bz2`2Mi +HbbB}2`bX h?2`27Q`2- BM i?2 7QHHQrBM; r2 /2b+`B#2
i?2 b2iiBM;b M/ T`K2i2`b r?B+? r2 ?p2 +?Qb2M 7Q` i?2 /Bz2`2Mi +HbbB}2`b iQ #2 i2bi2/X
//BiBQMHHv- r2 K2MiBQM r?B+? BKTH2K2MiiBQM Bb mb2/X q2 722/ HH +HbbB}2`b rBi? i?2 bK2
i`BMBM; /i 7Q` 2[mH b+2M`BQbc #Qi? ivT2b Q7 aoJb M/ i?2 .2+BbBQM h`22 `2 i`BM2/ mbBM;
i?2 bK2 TQbBiBp2 M/ M2;iBp2 2tKTH2bX
Ç amTTQ`i o2+iQ` J+?BM2, 6Q` i?2 biM/`/ aoJ r2 KF2 mb2 Q7 i?2 GB#aoJ BKTH2@
K2MiiBQM 7`QK *?M; M/ GBM (*GRR)X lHiBKi2Hv- r2 mb2 i?2 *@ao* BKTH2K2MiiBQM
7Q` bmTTQ`i p2+iQ` +HbbB}+iBQMX h?2 i`/2@Qz #2ir22M i`BMBM; 2``Q` M/ K`;BM C Bb b2i
iQ 1.0X AM Q`/2` iQ vB2H/ M +imH bBKBH`Biv K2bm`2- i?2 QmiTmi Q7 i?2 aoJ ?b iQ #2

&KDSWHU  ([SHULPHQWDO 6HWXS DQG 5HVXOWV RI WKH 6XSHUYLVHG 6LQJOH3DVV &ODVVLƓFDWLRQ
MQ`KHBx2/ BMiQ pHm2b BM i?2 BMi2`pH [0..1]X 6Q` i?Bb Tm`TQb2 GB#aoJ T`QpB/2b T`Q##BHBiv
2biBKi2b QM r?B+? r2 `2HvX h?2b2 T`Q##BHBiv 2biBKi2b `2 /2`Bp2/ 7`QK i?2 /BbiM+2 iQ
i?2 /2+BbBQM #QmM/`vX 6Q` Qm` 2tT2`BK2Mib r2 2tT2`BK2Mi rBi? irQ /Bz2`2Mi F2`M2Hb,
'HƓQLWLRQ ě /LQHDU DQG 5DGLDO %DVLV )XQFWLRQ 5%) NHUQHO
Φ(d, e) = ⟨d, e⟩ UGBM2` F2`M2HV UeX8V
Φ(d, e) = 2tT(−γ · ||d− e||2), γ = 1
6
U_"6 F2`M2HV UeXeV
Ç _MFBM; amTTQ`i o2+iQ` J+?BM2, b `MFBM; aoJ r2 mb2 aoJrank- M BKTH2K2M@
iiBQM 7`QK CQ+?BKb (CQyk)X AMbi2/ Q7 i?2 biM/`/ C pHm2 Q7 0.01 r2 mb2  i`BMBM;
2``Q` M/ K`;BM i`/2@Qz Q7 1.0 7Q` +QKT`#BHBiv rBi? i?2 biM/`/ aoJX qBi? i?Bb
+HbbB}2`- r2 HbQ mb2 i?2 #Qp2 K2MiBQM2/ F2`M2HbX
Ç .2+BbBQM h`22, 6Q` i?2 .2+BbBQM h`22 r2 mb2 i?2 *_h U*HbbB}+iBQM M/ _2;`2bbBQM
h`22bV BKTH2K2MiiBQM Ub22 "`2BKM 2i HX ("`2Y39)VX h?2 #BM`v i`22 Bb #mBHi mbBM; i?2
72im`2 M/ i?`2b?QH/ r?B+? vB2H/ i?2 KtBKH BM7Q`KiBQM ;BM i 2+? MQ/2X q2 b2i i?2
i`22 iQ ?p2  KtBKmK /2Ti? Q7 8- i?2 KBMBKH bKTH2b T2` H27 Bb b2i iQ RX h?2 *_h
BKTH2K2MiiBQM HbQ `2im`Mb MQ`KHBx2/ pHm2b BM i?2 BMi2`pH [0..1]X
/HDYH2QH2XW 6WUDWHJ\
6Q` +QM/m+iBM; i?2 2tT2`BK2Mib r2 mb2  H2p2@QM2@Qmi bi`i2;vX AM T`iB+mH`- r2 mb2 Qm`
i2bi b2i U bm#bTHBi Q7 i?2 i`BMBM; b2iV M/ +?QQb2 k 2p2Mi +Hmbi2`bX q2 i?2M iF2 2t+iHv QM2
/Q+mK2Mi 7`QK i?2b2 2p2Mi +Hmbi2`bX h?2 +2Mi`QB/b Q7 i?2 2p2Mi +Hmbi2`b `2 i?2M `2+QKTmi2/ b
B7 i?2 /Q+mK2Mi iF2M Qmi rb M2p2` T`i Q7 BiX h?Bb Bb /QM2 7Q` 2+? /i bTHBi BM/BpB/mHHvX
+imHHv- R-yyy 2p2Mi +Hmbi2`b Uk = 1000V 7`QK 2+? /i bTHBi `2 b2H2+i2/ M/  `M/QK
/Q+mK2Mi 7`QK 2+? Q7 i?2K Bb iF2M QmiX q2 }MHHv 2M/ mT rBi? R-yyy +Hmbi2`b M/ R-yyy
/Q+mK2MibX AM Qm` 2tT2`BK2Mib r2 i?2M +QKT`2 2p2`v /Q+mK2Mi iQ 2p2`v +2Mi`QB/ Q7 i?2 2p2Mi
+Hmbi2`bX b r2 FMQr i?2 +Q``2+i bbB;MK2Mi 7Q` 2+? /Q+mK2Mi- Bi Bb TQbbB#H2 iQ K2bm`2 i?2
+Q``2+i bbB;MK2Mi `i2 7Q` 2+? K2i?Q/X h?Bb ++m`+v Bb p2`;2/ Qp2` HH b2p2M i`BM@i2bi
bTHBi TB`bX
 5HVXOWV
AM i?2 7QHHQrBM; r2 T`2b2Mi i?2 `2bmHib Q7 i?2 2tT2`BK2Mib `2;`/BM; i?2 bBKBH`Biv 7mM+iBQM
H2`MBM;X AM h#H2 eXk r2 b?Qr i?2 p2`;2 ++m`+v 7Q` i?2 biM/`/ amTTQ`i o2+iQ` J+?BM2
rBi? i?2 irQ /Bz2`2Mi F2`M2Hb iQ;2i?2` rBi? i?2 /Bz2`2Mi bKTHBM; bi`i2;B2b M/  /Bz2`2Mi
MmK#2` Q7 i`BMBM; 2tKTH2bX h#H2 eXj b?Qrb i?2 p2`;2 ++m`+v 7Q` i?2 `MFBM; amTTQ`i
o2+iQ` J+?BM2 rBi? i?2 bK2 b2iiBM;b b mb2/ 7Q` i?2 biM/`/ aoJX h?2 `2bmHib 7Q` i?2

 /HDUQLQJ 6LPLODULW\ )XQFWLRQV
7DEOH  $YHUDJH DVVLJQPHQW UDWH XVLQJ D VWDQGDUG 690
h`BMBM; GBM2` E2`M2H _"6 E2`M2H
2tKTH2b hBK2@#b2/ _M/QK L2`2bi hBK2@#b2/ _M/QK L2`2bi
kyy N3XyW NdXjW NdXdW N3XRW NdX3W NdXdW
9yy N3XNW NdX8W N3XdW N3XeW NdXeW N3X3W
eyy N3X3W NdX9W N3X8W N3X9W NdX8W N3XNW
3yy N3X8W NdX9W N3X9W N3X9W NdXdW N3XdW
Ryyy N3XeW NdXdW N3X9W N3XeW N3XyW N3XeW
kyyy N3XjW NdXNW NdXdW N3X9W N3XyW N3XNW
9yyy N3X9W N3XyW N3X3W N3XjW N3XjW NNXRW
3yyy N3X9W N3XRW N3XNW N3X8W N3X9W NNXRW
Reyyy N3XeW N3XkW NNXRW N3XdW N3X8W N3X9W
jkyyy N3XdW N3X9W NNXRW N3XdW N3XeW N3XRW
e9yyy N3XdW N3X8W NNXyW N3XNW N3XdW NeXNW
7DEOH  $YHUDJH DVVLJQPHQW UDWH XVLQJ D UDQNLQJ 690
h`BMBM; GBM2` E2`M2H _"6 E2`M2H
2tKTH2b hBK2@#b2/ _M/QK L2`2bi hBK2@#b2/ _M/QK L2`2bi
kyy N3XeW N3X9W N3XNW N3XkW NdX3W NdXeW
9yy N3XNW N3X9W N3XNW N3X9W N3X9W N3XRW
eyy N3XNW N3X8W N3XNW N3X9W N3XjW N3XkW
3yy N3X3W N3X9W N3X3W N3X9W N3XkW N3XkW
Ryyy N3X3W N3X9W N3X3W N3X9W N3XjW N3XRW
kyyy N3XNW N3X8W NNXyW N3X8W N3X9W NNXyW
9yyy N3XNW N3X8W NNXyW N3X8W N3XdW NNXyW
3yyy N3XeW N3X8W N3XNW N3X8W N3XkW NNXRW
Reyyy N3XeW N3X8W NNXyW N3X8W N3XkW NNXyW
jkyyy N3XeW N3X8W NNXyW N3X8W N3XjW NNXyW
e9yyy N3XdW N3X8W NNXyW N3X8W N3X8W N3XNW
.2+BbBQM h`22 `2 b?QrM BM h#H2 eX9X h?2 `2bmHib `2 p2`;2 Qp2` bBt bm#bTHBib MQi BM+Hm/BM;
i?2 bm#bTHBi mb2/ 7Q` i?2 i`BMBM; Q7 i?2 +HbbB}2`X
Pp2`HH- i?2 T`Q#H2K Bb bQHp#H2 mbBM; HH i?`22 +HbbB}2`bX >Qr2p2`- r2 b22 i?i i?2 T2`7Q`KM+2
p`B2bX "Qi? i?2 T`K2i2`b M/ i?2 ivT2 Q7 +HbbB}2` +?Qb2M ?p2  ?m;2 BKT+i QM i?2 ++m`+v
Q7 i?2 /2+BbBQMbX
,PSDFW RI &ODVVLILHU DQG .HUQHO ,QIOXHQFH
h?2 `2bmHib HHQr i?2 +QM+HmbBQM i?i  amTTQ`i o2+iQ` J+?BM2 bmBib #2ii2` 7Q` bQHpBM; i?2
T`Q#H2KX 1p2M i?Qm;? i?2 .2+BbBQM h`22 `2+?2b Qp2` N8W Q7 ++m`+v r?2M i`BM2/ rBi?

&KDSWHU  ([SHULPHQWDO 6HWXS DQG 5HVXOWV RI WKH 6XSHUYLVHG 6LQJOH3DVV &ODVVLƓFDWLRQ
7DEOH  $YHUDJH DVVLJQPHQW UDWH XVLQJ D 'HFLVLRQ 7UHH
h`BMBM; 2tKTH2b hBK2@#b2/ _M/QK L2`2bi
kyy yX8W 9XyW kkXkW
9yy eX3W RXkW kdXkW
eyy yXRW 9XeW j9X8W
3yy jX8W jXjW 9kX8W
Ryyy yXkW 9XyW jjX3W
kyyy jXRW 8X8W 88XNW
9yyy jXNW RRX8W ejX3W
3yyy RjXRW kkXNW NyXkW
Reyyy jdX9W jjXyW NjXkW
jkyyy 9kXyW 9yXjW N9XdW
e9yyy 8NXNW 89XjW N8X3W
e9-yyy 2tKTH2b- #Qi? ivT2b Q7 aoJb 2bBHv QmiT2`7Q`K i?2 .2+BbBQM h`22 `2+?BM; Qp2` NNW
++m`+vX
PM2 p2`v bm`T`BbBM; +QM+HmbBQM Q7 i?2 2tT2`BK2Mib Bb i?2 7+i i?i  ;QQ/ bBKBH`Biv 7mM+iBQM
+M H`2/v #2 H2`M2/ rBi? p2`v 72r 2tKTH2b r?2M mbBM;  amTTQ`i o2+iQ` J+?BM2X lbBM; 
`MFBM; aoJ- Bi Bb TQbbB#H2 iQ H`2/v H2`M  KQ/2H rBi? M2`Hv N3W ++m`+v rBi? QMHv irQ
i`BMBM; 2tKTH2běQM2 TQbBiBp2 M/ QM2 M2;iBp2X AM +QMi`bi iQ i?i-  biM/`/ aoJ M22/b
H`2/v KQ`2 i?M ky 2tKTH2b URy TQbBiBp2 M/ Ry M2;iBp2V iQ H2`M  KQ/2H rBi? `QmM/ NdW
++m`+vX
q?BH2 i?2 T2`7Q`KM+2 Q7 i?2 `MFBM; aoJ /Q2b MQi p`v Km+? mbBM; /Bz2`2Mi KQmMib Q7
i`BMBM; /i- i?2 biM/`/ aoJ +H2`Hv bmz2`b 7`QK Qp2`}iiBM;c i?Bb Bb b?QrM #v i?2 /`QT Q7
T2`7Q`KM+2 7`QK `QmM/ Re-yyy i`BMBM; 2tKTH2b QMr`/bX h?2 `MFBM; aoJ /Q2b MQi bmz2`
7`QK bm+?  T2`7Q`KM+2 /`QT- i?mb b?QrBM;  KQ`2 `Q#mbi #2?pBQ`X
h?2`2 Bb MQi iQQ Km+? /Bz2`2M+2 BM i?2 KtBKH T2`7Q`KM+2 `2;`/BM; i?2 F2`M2H mb2/X "Qi?
ivT2b Q7 aoJb `2+? NNXyW iQ NNXRW ++m`+v rBi? 2Bi?2` F2`M2H- H2/BM; iQ i?2 bbmKTiBQM
i?i #Qi? F2`M2Hb +M #2 mb2/ iQ i+FH2 i?2 T`Q#H2KX h?2 mb;2 Q7  HBM2` F2`M2H ?b /pMi;2b
Qp2` i?2 _"6 F2`M2H `2;`/BM; i?2 +QKTmiiBQMH iBK2 M22/2/X b i?Bb ?b M BKT+i QM i?2
Qp2`HH b+H#BHBiv Q7 Qm` bvbi2K- i?2 biM/`/ aoJ mbBM;  HBM2` F2`M2H Bb i?2 T`272``2/ K2i?Q/
iQ H2`M  bBKBH`Biv 7mM+iBQMX
,PSDFW RI 6DPSOLQJ
Ai +M #2 2bBHv Q#b2`p2/ 7`QK i?2 `2bmHib i?i i?2 bKTHBM; bi`i2;v M/ i?mb i?2 +?QB+2 Q7 ?Qr
KMv i`BMBM; 2tKTH2b `2 mb2/ 7Q`  +2`iBM +HbbB}2` Bb +`m+BH 7Q` i?2 +`2iBQM Q7  KQ/2H
b i?2 [mHBiv p`B2b  HQiX Ai Bb HbQ MQi#H2 i?i  amTTQ`i o2+iQ` J+?BM2 M22/b  HQi H2bb
i`BMBM; 2tKTH2b i?M  .2+BbBQM h`22 iQ +`2i2  ;QQ/ +HbbB}+iBQM KQ/2HX










































































































)LJXUH  )HDWXUH DQDO\VLV IRU FRPSXWDWLRQ RI 3H_G RI DFFXUDF\ XVLQJ D VWDQGDUG 690 ZLWK OLQHDU NHUQHO
q2 b22 i?i mbBM; i?2 `M/QK bKTHBM; bi`i2;v H2/b iQ i?2 rQ`bi `2bmHibX Ai Kv #2 TQbbB#H2
i?i  KQ/2H +`2i2/ #v  `M/QK b2H2+iBQM Q7 TQbBiBp2 M/ M2;iBp2 2tKTH2b ;Bp2b ++2Ti#H2
`2bmHib #mi BM ;2M2`H i?2 `2bmHib `2 rQ`b2 M/ KQ`2 mMbi#H2 i?M mbBM; Qi?2` K2i?Q/bX Pp2`HH-
KQ`2 i`BMBM; 2tKTH2b `2 M22/2/ mbBM; i?Bb bKTHBM; bi`i2;v iQ ;2i  `2bQM#H2 ++m`+v
`i2X
"Qi? Q7 i?2 Qi?2` bKTHBM; bi`i2;B2b rQ`F p2`v r2HH b?QrBM; +H2`Hv i?i i?2 b2`+? 7Q` i?2
M2`2bi r`QM; TB` ?2HTb iQ +`2i2  #2ii2` KQ/2HX lbBM; i?2 amTTQ`i o2+iQ` J+?BM2b r2
Q#b2`p2 i?Bb 2z2+i mbBM; i?2 iBK2@#b2/ bKTHBM; bi`i2;v- iQQX h?Bb Bb MQi i?2 +b2 7Q` i?2
.2+BbBQM h`22 r?B+? Bb i?2 +HbbB}2` KQbi b2MbBiBp2 iQ i?2 bKTHBM; bi`i2;vX
)HDWXUH $QDO\VLV
AM 6B;m`2 eX9 r2 +QKT`2 i?2 ++m`+v `i2b mb2/ iQ +H+mHi2 P (e|d) Qp2` i?2 iBK2 72im`2b M/
HH TQbbB#H2 +QK#BMiBQMb Q7 Qi?2` 72im`2b iQ;2i?2` rBi? i?2 iBK2 72im`2bX h?2 irQ iBK2 72im`2b
`2 Hrvb mb2/ #2+mb2 i?Bb ivT2 Q7 /i Bb pBH#H2 7Q` 2+? /i TQBMi BM i?2 /ib2iX hQ
Q#iBM i?2b2 };m`2b- r2 p2`;2/ Qp2` HH ++m`+v `i2b 7Q` m ∈ {1000, 2000, 4000, 8000, 16000}
mbBM; i?2 M2`2bi bKTHBM; bi`i2;vX b +HbbB}2` r2 2KTHQv2/ i?2 biM/`/ aoJ rBi?  HBM2`
F2`M2HX
lbmHHv- r2 2tT2+i i?2 ++m`+v iQ #2 p2`v HQr r?2M mbBM; i?2 iBK2 72im`2b QMHv- #mi BM Qm`
2tT2`BK2Mib i?2 mb2 Q7 i?2b2 72im`2b vB2H/b M ++m`+v Q7 #Qmi 38WX q2 ?p2 irQ 2tTHMiBQMb
7Q` i?Bb 2z2+i, BV i?2 MmK#2` Q7 Qp2`HTTBM; 2p2Mib `2;`/BM; i?2B` iBK2 `M;2 Bb MQi p2`v H`;2
M/ BBV r2 /Q MQi mb2 QM2 bBM;H2 iBK2 72im`2 #mi #Qi? iBK2biKTb iQ;2i?2` UmTHQ/ M +Tim`2
iBK2V bQ i?i  #2ii2` +HbbB}+iBQM Bb TQbbB#H2X AM 2`HB2` rQ`F r2 b?Qr2/ i?i mbBM; QMHv QM2
bBM;H2 72im`2 `2bmHib BM p2`v TQQ` ++m`+v `i2b Ub22 _2mi2` M/ *BKBMQ (_*RR)VX _2;`/BM;
i?2 }`bi `2bQM- Bi M2p2`i?2H2bb b22Kb TQbbB#H2 i?i i?2 /ib2i Bb biBHH bT`b2 2MQm;? iQ +?B2p2

&KDSWHU  ([SHULPHQWDO 6HWXS DQG 5HVXOWV RI WKH 6XSHUYLVHG 6LQJOH3DVV &ODVVLƓFDWLRQ
 /2+2Mi ++m`+v 7Q` i?2 iBK2 72im`2X 1p2M B7 i?Bb Bb i?2 +b2- r2 `2 r`2 i?i B7 U HQiV
KQ`2 /i TQBMib `2 mb2/- i?2 `2bmHib Q7  Tm`2 iBK2@#b2/ +Hmbi2`BM; rBHH #2 p2`v TQQ` b r2
?p2 b?QrM BM Qm` rQ`F 7`QK kyRRX h?2`27Q`2- i?2 mb;2 Q7 i?2 iBK2biKTb b  bBM;H2 72im`2
Bb 2p2MimHHv MQi b ;QQ/ b BKTHB2/ #v i?2 MmK#2`b BM i?2 };m`2X 6Q`imMi2Hv- #Qmi NNXNW Q7
HH /Q+mK2Mib BM i?2 /ib2i ?p2 i H2bi QM2 KQ`2 72im`2 bbQ+Bi2/ BM //BiBQM iQ i?2 iBK2
72im`2b- i?2`27Q`2 HHQrBM; 7Q`  #2ii2` /2+BbBQMX
Ai Bb `2K`F#H2 i?i i?2 //BiBQMH mb2 Q7 i?2 ;2Q;`T?B+ HQ+iBQM /Q2b MQi BKT`Qp2 i?2 `2bmHib
Km+? +QKT`2/ iQ i?2 ++m`+v mbBM; iBK2biKTb QMHvX q2 2tTHBM i?Bb rBi? i?2 2MQ`KQmb
H+F Q7 HQ+iBQM BM7Q`KiBQM BM i?2 /ib2iX h?2`27Q`2- i?2 /2+BbBQM Q7i2M /2T2M/b QMHv QM i?2
iBK2biKT@#b2/ +QKT`BbQM b MQ Qi?2` 72im`2 Bb pBH#H2c i?Bb 2tTHBMb i?2 `i?2` HQr b+Q`2X
Gm+FBHv- KQ`2 `2+2Mi +K2` /2pB+2b bmTTQ`i i?2 ;2Q;`T?B+ i;;BM; #v :Sa `2bmHiBM; BM KQ`2
TB+im`2b BM+Hm/BM; i?2 ;2Q;`T?B+ 72im`2X
JQbiHv- i?2 //BiBQM Q7  72im`2 /Q2b MQi rQ`b2M i?2 ++m`+v b+Q`2X h?2 QMHv 2t+2TiBQM Bb i?2
mb;2 Q7 HH 72im`2b BMbi2/ Q7 i?2 #2bi +QK#BMiBQM UiBK2- ;2Q;`T?B+ BM7Q`KiBQM- i;b- M/
iBiH2VX b i?2 /Bz2`2M+2 Bb QMHv bHB;?i M/ +QmH/ +?M;2 B7 MQi?2` /i #bBb Bb mb2/- r2 /Q MQi
b22 i?2 M22/ iQ BMi`Q/m+2 2t+2TiBQMb r?2`2 72im`2b `2 2t+Hm/2/ /2T2M/BM; QM i?2 pBH#BHBiv Q7
Qi?2` 72im`2bX h?2`27Q`2- r2 Hrvb mb2 b KMv 72im`2b b `2 T`2b2Mi 7Q` i?2 /Q+mK2Mi@2p2Mi
TB`X
Ai Bb BMi2`2biBM; i?i HH +QK#BMiBQMb Q7 i?2 iBK2 72im`2b M/ i H2bi QM2 Qi?2` 72im`2 `2
2MQm;? iQ T`Q/m+2 `2bQM#H2 `2bmHibX b NNXNW Q7 HH /Q+mK2Mib ?p2 i H2bi QM2 72im`2
pBH#H2 BM //BiBQM iQ i?2 iBK2 72im`2b- r2 +M +QM+Hm/2 i?i i?2 pBH#BHBiv Q7 HH 72im`2b
Bb MQi +QKTmHbQ`v M/ i?2 H+F Q7 72im`2b +M #2 +QKT2Mbi2/ 7Q` #v Qi?2` 72im`2bX h?2
`2bmHib HB+2Mb2 HbQ i?2 +QM+HmbBQM i?i i?2 i; 72im`2 Bb QM2 Q7 i?2 #2bi 72im`2b pBH#H2 b
Mv +QK#BMiBQM rBi? i?2 i; 72im`2 T`Q/m+2b p2`v ;QQ/ `2bmHibX h?Bb Bb 2bT2+BHHv ;QQ/ b
i?Bb 72im`2 Bb pBH#H2 7Q` KQ`2 i?M N8W Q7 HH /Q+mK2MibX
 &RQFOXVLRQ
AM i?Bb b2+iBQM r2 //`2bb2/ i?2 [m2biBQM Q7 ?Qr r2 +M H2`M  bmBi#H2 bBKBH`Biv 7mM+iBQM
7`QK i`BMBM; /iX q2 mb2/ /Bz2`2Mi +HbbB}2`b-  .2+BbBQM h`22 b r2HH b irQ /Bz2`2Mi ivT2b
Q7 amTTQ`i o2+iQ` J+?BM2b U`MFBM; M/ biM/`/V BM Q`/2` iQ i`BM M TT`QT`Bi2 bBKBH`Biv
7mM+iBQMX 6m`i?2`KQ`2- r2 BMp2biB;i2/ i?2 BKT+i Q7 i?2 KQmMi Q7 i`BMBM; /i M/ /Bz2`2Mi
bi`i2;B2b 7Q` +`2iBM; i`BMBM; /iX b  `2bmHi r2 ?p2 b22M i?i Bi Bb TQbbB#H2 iQ H2`M 
bmBi#H2 bBKBH`Biv K2bm`2 mbBM; HH Q7 i?2b2 +HbbB}2`bX q?2M mbBM; amTTQ`i o2+iQ` J+?BM2b
Bi Bb H`2/v bm{+B2Mi iQ mb2 QMHv 72r 2tKTH2b iQ i`BM  KQ/2HX
q2 ?p2 b?QrM i?i i?2 mb2 Q7 r2HH@+?Qb2M i`BMBM; 2tKTH2b BKT`Qp2b i?2 [mHBiv Q7 i?2 bbB;M@
K2Mi bB;MB}+MiHvX h?2 bKTHBM; bi`i2;v Bb +`m+BH 7Q` i?2 bm++2bb KtBKBxiBQM Q7 i?2 i`BMBM;
T`Q+2bbX Ai ?b #22M b?QrM i?i i?2 b2`+? 7Q` i?2 M2`2bi r`QM; /Q+mK2Mi@2p2Mi TB` ?2HTb
+`2iBM;  #2ii2` /2+BbBQM KQ/2HX AM ;2M2`H- r2 M22/ QMHv 72r /i TQBMib iQ #2 #H2 iQ +`2i2
 ;QQ/ /2+BbBQM KQ/2HX >Qr2p2`- B7 iQQ Km+? /i Bb mb2/ 7Q` i`BMBM;- i H2bi i?2 biM/`/
aoJ bmz2`b 7`QK Qp2`}iiBM;X

 1HZ (YHQW 'HWHFWLRQ
AM //BiBQM iQ i?2 `2bmHib #Qp2- Qm` 72im`2 MHvbBb H2/b iQ i?2 +QM+HmbBQM i?i i?2 H+F Q7 
bBM;H2 72im`2 ?b MQ ;`2i BKT+i QM i?2 [mHBiv Q7 i?2 T`2/B+iBQMX h?2 ++m`+v `i2b `2 biBHH
++2Ti#H2 2p2M B7 KQ`2 i?M QM2 72im`2 Bb KBbbBM;X b M2`Hv NNXNW Q7 HH /Q+mK2Mib ?p2
KQ`2 i?M i?2 iBK2 72im`2b bbB;M2/- i?2 K2i?Q/b r2 T`QTQb2/ BM i?Bb b2+iBQM `2 TTHB+#H2
BM  `2H@rQ`H/ b+2M`BQX
h?2 `2bmHib T`2b2Mi2/ BM i?Bb b2+iBQM `2 +QKT`#H2 iQ i?Qb2 7`QK 2`HB2` rQ`F Ub22 _2mi2` M/
*BKBMQ (_*RR)VX h?2 2tT2`BK2Mib r2`2 +QM/m+i2/ mbBM;  /Bz2`2Mi /ib2i M/ i?2 b2iiBM;
/Bz2`2/ 7`QK i?2 QM2 mb2/ BM i?Bb b2+iBQMX >Qr2p2`- r2 +K2 iQ i?2 bK2 +QM+HmbBQM i?i i?2
T`Q#H2K +M #2 bQHp2/ #2bi mbBM;  biM/`/ aoJX q2 T`QTQb2 iQ mb2 i?Bb +HbbB}2` rBi? 
HBM2` F2`M2HX
 1HZ (YHQW 'HWHFWLRQ
7i2` i?2 bm++2bb7mH b+Q`BM; M/ `MFBM; Q7 i?2 /Q+mK2Mi@2p2Mi TB`b- r2 ?p2 iQ Mbr2` i?2
[m2biBQM r?2i?2` i?2 M2rHv ``Bp2/ /Q+mK2Mi #2HQM;b iQ M 2tBbiBM; 2p2Mi Q` B7 r2 ?p2 iQ +`2i2
 M2r 2p2MiX hQ i?Bb 2M/ r2 ?p2 iQ /2+B/2 B7 i?2 M2rHv ``Bp2/ /Q+mK2Mi Bb bBKBH` 2MQm;? iQ
QM2 Q7 i?2 2p2Mib b22M bQ 7`X 6`QK i?2 b+Q`BM; M/ `MFBM; bi2T r2 +M /2/m+2 b2p2`H 72im`2b
Ub22 HbQ a2+iBQM 8XeV iQ /2+B/2 QM i?Bb [m2biBQMX h?2b2 72im`2b +M #2 mb2/ iQ i`BM  +HbbB}2`
r?B+? i?2M +M #2 2KTHQv2/ iQ T`2/B+i r?2i?2`  M2r 2p2Mi b?QmH/ #2 +`2i2/ Q` MQiX
 ([SHULPHQWDO 6HWWLQJV
AM i?2 7QHHQrBM; r2 /2b+`B#2 i?2 2tT2`BK2MiH b2imT iQ H2`M  +HbbB}2` 7Q` i?2 /2i2+iBQM Q7
M2r 2p2MibX b /2b+`B#2/ BM a2+iBQM 8Xe r2 mb2 i?2 72im`2 p2+iQ` v⃗new(d) rBi? /2`Bp2/ 72im`2b
7`QK i?2 T`2+2/BM; bi2T Q7 i?2 7`K2rQ`F iQ H2`M  KQ/2H 7Q` i?2 T`2/B+iBQM r?2i?2`  M2r
/Q+mK2Mi #2HQM;b iQ M H`2/v 2tBbiBM; 2p2Mi Q` b?QmH/ #2 +HbbB}2/ b  M2r 2p2MiX
6Q` i?2 ibF Q7 M2r 2p2Mi /2i2+iBQM- r2 ?p2 iQ BMp2biB;i2 r?B+? +QK#BMiBQM Q7 72im`2b BM i?2
72im`2 p2+iQ` v⃗new(d) b?QmH/ #2 +QMbB/2`2/ BM Q`/2` iQ KtBKBx2 i?2 ++m`+v Q7 i?2 /2+BbBQMX
'DWD &UHDWLRQ IRU &ODVVLILHU 7UDLQLQJ
6Q` i?2 i`BMBM; T`Q+2bb Q7 i?2 M2r 2p2Mi +HbbB}2`- r2 HbQ mb2 i?2 i`BMBM; bTHBi Q7 Qm` /ib2iX
q2 KF2 mb2 Q7 i?2 b2p2M bm#bTHBib rBi? 9j-djd /Q+mK2Mib 2+? b T`QTQb2/ #27Q`2X b i?2
MmK#2` Q7 TQbBiBp2 2tKTH2b 7Q` i?Bb +HbbB}2` Bb HBKBi2/ #v i?2 MmK#2` Q7 `2H 2p2Mib BM 2+?
bm#bTHBi U`QmM/ k-yyy 2p2MibV 7QHHQrBM; i?2 ;QH/ biM/`/- r2 ?p2 iQ K2`;2 bQK2 bm#bTHBib BM
Q`/2` iQ #2 #H2 iQ 722/ i?2 +HbbB}2` rBi? KQ`2 i?M k-yyy i`BMBM; 2tKTH2bX h?2`27Q`2- r2
mb2 bm#bTHBi R iQ 9 M/ K2`;2 i?2b2 bm#bTHBib `2bmHiBM; BM  bTHBi Q7 Rd9-N93 /Q+mK2Mib r?B+?
`2 bT`2/ Qp2` N-y9e 2p2MibX h?Bb /i Bb mb2/ 7Q` i?2 i`BMBM; Q7 i?2 i?2 +HbbB}2`X h?2
QTiBKBxiBQM Bb i?2M K/2 QM i?2 K2`;2/ bm#bTHBib 8- e- M/ d `2bmHiBM; BM RjR-kRR /Q+mK2Mi
bT`2/ Qp2` e-8je 2p2MibX

&KDSWHU  ([SHULPHQWDO 6HWXS DQG 5HVXOWV RI WKH 6XSHUYLVHG 6LQJOH3DVV &ODVVLƓFDWLRQ
AM Q`/2` iQ Q#iBM i?2 M2r 2p2Mi 72im`2 p2+iQ` v⃗new(d)- r2 2KTHQv M QTiBKH +Hmbi2`BM;
bBKmHiBQM bBKBH` iQ i?2 bBKmHiBQM T`QTQb2/ #Qp2X h?2 +H+mHiBQM Q7 i?2 bBKBH`BiB2b #2ir22M
i?2 /Q+mK2Mi@2p2Mi TB`b BM i?2 b+Q`BM; M/ `MFBM; bi2T Bb /QM2 mbBM; i?2 H2`M2/ bBKBH`Biv
K2i`B+ 7`QK i?2 T`2pBQmb b2+iBQMX 6Q` i?Bb bi2T r2 2KTHQv  biM/`/ aoJ rBi?  HBM2` F2`M2H
i`BM2/ rBi? 3-yyy TQbBiBp2 M/ M2;iBp2 2tKTH2b b T`QTQb2/X L2p2`i?2H2bb- i?2 /Q+mK2Mib `2
TH+2/ BMiQ i?2B` +Q``2bTQM/BM; +Q``2+i 2p2Mi +Hmbi2` ++Q`/BM; iQ i?2 ;QH/ biM/`/ BM/2T2M/2Mi
7`QK i?2 `2bmHib Q7 i?2 +HbbB}2` BM i?2 b+Q`BM; M/ `MFBM; bi2TX
b r2 Hi2` rMi iQ mb2  +M/B/i2 `2i`B2pH bi`i2;v BM Qm` }MH QTiBKBx2/ +Hmbi2`BM; 7`K2rQ`F-
r2 HbQ ?p2 iQ iF2 i?Bb BMiQ ++QmMi i i?Bb bi2TX h?Bb Bb BKTQ`iMi b i?2 +H+mHiBQM Q7 i?2
p2`;2 M/ biM/`/ /2pBiBQM 7Q` i?2 M2r 2p2Mi 72im`2 p2+iQ` b r2HH b i?2 /2i2`KBMiBQM
Q7 i?2 KBMBKmK pHm2 ?2pBHv /2T2M/b QM i?BbX h?2`27Q`2- r2 mb2 i?2 +Hmbi2`BM; bBKmHiBQM
iQ;2i?2` rBi? i?2 +M/B/i2 `2i`B2pH bi`i2;v `2i`B2pBM; i?2 100 M2`2bi 2p2Mib #b2/ QM i?2B`
mTHQ/ iBK2biKTbX
6BMHHv- i?2 QTiBKH +Hmbi2`BM; Bb 2t2+mi2/ mbBM; i?2 K2`;2/ bm#bTHBib R iQ 9X AM 2+? bi2T Q7 i?i
+Hmbi2`BM; T`Q+2bb r2 +H+mHi2 i?2 bBKBH`BiB2b #2ir22M i?2 /Q+mK2Mi@2p2Mi TB`bX AM //BiBQM
iQ i?i r2 FMQr B7  M2r +Hmbi2` ?b iQ #2 +`2i2/ Q` MQi- i?Bb ;Bp2b mb i?2 TQbbB#BHBiv iQ FMQr
r?2i?2` i?2 M2r 2p2Mi 72im`2 p2+iQ` +`2i2/ Bb TQbBiBp2 Q` M2;iBp2X b  `2bmHi Q7 Qm` QTiBKH
+Hmbi2` bBKmHiBQM- r2 ;2i N-y98 TQbBiBp2 UBb  M2r 2p2MiV M/ Re8-Nyk M2;iBp2 UBb MQi  M2r
2p2MiV 2tKTH2b 7Q` i?2 72im`2 p2+iQ` v⃗new(d) BM+Hm/BM; HH i?2 72im`2 /2b+`B#2/ BM a2+iBQM
8XeX
q2 mb2 i?2 bK2 +Hmbi2`BM; bBKmHiBQM rBi? i?2 RjR-kRR /Q+mK2Mib 7`QK bm#bTHBib 8- e- M/ d iQ
Q#iBM /i 7Q` i?2 2pHmiBQM Q7 i?2 i`BM2/ M2r 2p2Mi /2i2+iBQM +HbbB}2`X h?Bb T`Q+2bb vB2H/b
e-8j8 TQbBiBp2 M/ Rk9-ed8 M2;iBp2 2tKTH2bX
&ODVVLILHU 7UDLQLQJ 6WUDWHJ\
h?2 /i BM i?2 72im`2 p2+iQ` v⃗new(d) Bb MQi Q`/2`2/X h?2`27Q`2-  M2`2bi bKTHBM; bi`i2;v
b T`2b2Mi2/ BM i?2 T`2pBQmb b2+iBQM Bb MQi TQbbB#H2 iQ mb2 b Bi Bb MQi +H2` ?Qr /BbiMi irQ
/i TQBMib `2X b  +QMb2[m2M+2- Qm` bi`i2;v Bb iQ mb2 i?2 }`bi m TQbBiBp2 2tKTH2b T@
T2`BM; iQ;2i?2` rBi? m `M/QKHv +?Qb2M M2;iBp2 2tKTH2bX 6Q` m r2 +QMbB/2` i?2 pHm2b
2, 10, 50, 100, 200, 300, 400, 500, 1000, 2000, 4000- M/ 8000X
b Bi ?b #22M b?QrM i?i Bi Bb BKTQ`iMi i?i i?2 i`BMBM; /i b2i Bb #HM+2/- r2 HbQ KF2
bm`2 i?i i?2 MmK#2` Q7 M2;iBp2 M/ TQbBiBp2 2tKTH2b 2t+iHv Ki+? /m`BM; i?2 +HbbB}2`
i`BMBM;X hQ i`BM i?2 +HbbB}2`- r2 HbQ mb2 i?2 +Hbb H#2Hb ǳ1Ǵ 7Q` TQbBiBp2 UBb  M2r 2p2MiV M/
ǳ−1Ǵ 7Q` M2;iBp2 UBb MQi  M2r 2p2MiV 2tKTH2bX h?2 i`BMBM; Q7 i?2 amTTQ`i o2+iQ` J+?BM2
Bb /QM2 QMHv mbBM; i?2 K2`;2/ bm#bTHBib R iQ 9X
&ODVVLILHU 6HWWLQJV
6Q` Qm` 2tT2`BK2Mib r2 ?p2 +?Qb2M  biM/`/ amTTQ`i o2+iQ` J+?BM2 b +HbbB}2` 7Q` i?2 M2r
2p2Mi /2i2+iBQMX b 7Q` i?2 aoJ mb2/ BM i?2 b+Q`BM; M/ `MFBM; bi2T- r2 ;BM mb2 i?2 GB#aoJ
BKTH2K2MiiBQM 7`QK *?M; M/ GBM (*GRR)X 6m`i?2`KQ`2- r2 mb2 i?2 *@ao* BKTH2K2MiiBQM

 1HZ (YHQW 'HWHFWLRQ
7Q` bmTTQ`i p2+iQ` +HbbB}+iBQMX q2 b2i i?2 i`/2@Qz #2ir22M i`BMBM; 2``Q` M/ K`;BM C iQ
1.0X h?2 +HbbB}2` Bb mb2/ rBi?  _/BH "bBb 6mM+iBQM U_"6V F2`M2HX
1p2M i?Qm;?  #BM`v /2+BbBQM 7`QK i?2 aoJ Bb bm{+B2Mi iQ /2+B/2 r?2i?2`  M2r 2p2Mi Bb
+`2i2/ Q` MQi- r2 T`272` i?2 QmiTmi Q7 i?2 aoJ iQ #2 MQ`KHBx2/ BMiQ pHm2b BM i?2 BMi2`pH
[0..1]X q2 /Q i?Bb BM Q`/2` iQ 7m`i?2` QTiBKBx2 i?2 /2+BbBQM #v 2KTB`B+HHv /2i2`KBMBM;  bmBi#H2
i?`2b?QH/X 6Q` i?Bb- r2 mb2 i?2 T`Q##BHBiv 2biBKi2b T`QpB/2/ #v GB#aoJX
(YDOXDWLRQ 6WUDWHJ\
Pm` ;QH Bb iQ i2bi ?Qr r2HH i?2 +HbbB}2` T`2/B+ib r?2i?2`  M2r 2p2Mi b?QmH/ #2 +`2i2/ Q` MQiX
h?2`27Q`2- 7Q` i?2 2pHmiBQM Q7 i?2 +HbbB}2` KQ/2Hb- r2 mb2 i?2 /i +`2i2/ #v i?2 QTiBKH
+Hmbi2`BM; T`Q+2bb QM i?2 K2`;2/ bm#bTHBib 8- e- M/ dX b r2 FMQr i?2 +Q``2+i bbB;MK2Mi 7Q`
2+? /i TQBMi BM i?Bb i2bi b2i- r2 +M K2bm`2 i?2 +Q``2+i bbB;MK2Mi `i2X h?2 `2bmHiBM;
++m`+v b+Q`2b +M i?2M #2 mb2/ iQ /2i2`KBM2 i?2 #2bi T`K2i2`b 7Q` i?2 M2r 2p2Mi /2i2+iBQM
+HbbB}2`X
 5HVXOWV
AM i?Bb b2+iBQM- r2 T`2b2Mi Qm` `2bmHib Q7 i?2 QTiBKBxiBQM T`Q+2bb Q7 i?2 M2r 2p2Mi /2i2+iBQM
+HbbB}2` bi`iBM; rBi? M MHvbBb Q7 i?2 BM~m2M+2 Q7 i?2 MmK#2` Q7 i`BMBM; 2tKTH2bX q2 i?2M
T`2b2Mi i?2 `2bmHib Q7 Qm` 72im`2 MHvbBb #27Q`2 r2 2M/ rBi?  bii2K2Mi r?2i?2` iQ mb2 
+HbbB}2` Q`2  bBKTH2 i?`2b?QH/ 7Q` i?2 /2i2+iBQM Q7 M2r 2p2MibX
,QIOXHQFH RI 7UDLQLQJ ([DPSOHV
AM Qm` }`bi 2tT2`BK2Mi r2 iF2  HQQF i i?2 BM~m2M+2 Q7 i?2 MmK#2` Q7 i`BMBM; 2tKTH2b mb2/
iQ i`BM i?2 +HbbB}2`X q2 BK iQ Mbr2` i?2 [m2biBQM ?Qr KMv i`BMBM; 2tKTH2b `2 M22/2/
BM Q`/2` iQ +?B2p2 i?2 #2bi bbB;MK2Mi `i2 mbBM; HH 72im`2b Q7 i?2 M2r 2p2Mi 72im`2 p2+iQ`X
hQ +QM/m+i i?2 2tT2`BK2Mi- i?2 amTTQ`i o2+iQ` J+?BM2 ?b #22M i`BM2/ rBi? m TQbBiBp2 M/
m M2;iBp2 2tKTH2bX h?2 `2bmHiBM; KQ/2Hb `2 i?2M mb2/ iQ T`2/B+i 7Q` 2+? i2bi p2+iQ` v⃗new(d)
BM+Hm/2/ BM i?2 i2bi b2i r?2i?2` Bi +QMbiBimi2b  M2r 2p2Mi Q` MQiX h?2 `2bmHib `2 b?QrM BM
h#H2 eX8X
q2 +M Q#b2`p2 i?i i?2 KQ/2Hb +`2i2/ mbBM; 9-yyy Q` 3-yyy i`BMBM; 2tKTH2b ;Bp2 i?2 #2bi
`2bmHib `2;`/BM; ++m`+vX Ai Bb BMi2`2biBM; i?i H`2/v 72r 2tKTH2b Kv #2 bm{+B2Mi iQ
+`2i2  rQ`FBM; KQ/2HX >Qr2p2`- B7 QMHv 72r 2tKTH2b `2 mb2/- i?2 [mHBiv /2T2M/b KbbBp2Hv
QM i?2 2tKTH2b mb2/X "2;BMMBM; rBi? Ryy 2tKTH2b- i?2 [mHBiv bi`ib iQ #2 bi#H2X
)HDWXUH $QDO\VLV
hQ KF2 bm`2 r2 B/2MiB7v i?2 QTiBKH 72im`2b iQ #2 mb2/ 7Q` i?2 M2r 2p2Mi /2+BbBQM- r2 +QM/m+i
 72im`2 MHvbBbX h?2 BK Q7 i?Bb MHvbBb Bb iQ }M/ i?2 QTiBKH +QK#BMiBQM Q7 72im`2b iQ #2
mb2/ 7Q`  /2+BbBQM KQ/2HX hQ i?Bb 2M/ r2 +QMbB/2` i?2 ++m`+v Q7 i?2 /2+BbBQM Q7 i?2 KQ/2H
rBi? /Bz2`2Mi +QK#BMiBQMbX q2 b2i i?2 MmK#2` Q7 i`BMBM; 2tKTH2b m 7Q` i?2 aoJ +HbbB}2`

&KDSWHU  ([SHULPHQWDO 6HWXS DQG 5HVXOWV RI WKH 6XSHUYLVHG 6LQJOH3DVV &ODVVLƓFDWLRQ
7DEOH  $FFXUDF\ RI QHZ HYHQW GHWHFWLRQ IRU GLIIHUHQW QXPEHU RI WUDLQLQJ H[DPSOHV













iQ k-yyy- BX 2X i?2 biM/`/ amTTQ`i o2+iQ` J+?BM2 mb2/ Bb 72/ rBi? k-yyy TQbBiBp2 M/ M2;iBp2
2tKTH2bX h?Bb b2iiBM; ?b #22M b?QrM 2z2+iBp2 7Q` +`2iBM;  r2HH@/Ti2/ /2+BbBQM KQ/2H 7Q`
bQHpBM; i?2 M2r 2p2Mi /2+BbBQM T`Q#H2KX
6Q` Qm` BMp2biB;iBQM r2 +QM/m+i2/  ;`22/v bi`i2;v iQ }M/ i?2 #2bi 72im`2 +QK#BMiBQMX h?i
Bb- r2 // i?2 M2ti #2bi 72im`2 iQ i?2 72im`2 b2i BM 2+? bi2T b HQM; b i?2 ++m`+v Q7 i?i
+QK#BMiBQM Bb BM+`2b2/X 6Q` i?2 i2bi- r2 mb2 i?2 bBt 72im`2b /2b+`B#2/ BM a2+iBQM 8XeX h?2
`2bmHib Q7 i?2 ;`22/v b2`+? `2 b?QrM BM 6B;m`2 eX8X
h?2 ;`T?B+ BM 6B;m`2 eX8 /2TB+ib i?2 bi2Tb Q7 i?Bb ;`22/v b2`+? bi`i2;vX Ai b22Kb Mim`H i?i
i?2 #2bi bBM;H2 72im`2 Bb Kt r?B+? Bb +QM}`K2/ #v i?2 72im`2 MHvbBbX L2p2`i?2H2bb- r2 ?p2
b?QrM i?i  +QK#BMiBQM Q7 7Qm` 72im`2b vB2H/b i?2 ?B;?2bi pHm2 rBi? #Qmi 3eXkW ++m`+vX
h?2b2 7Qm` 72im`2b `2, Kt- bi//2p- KtmTH- M/ p;X q2 B/2MiB}2/ i?2b2 72im`2b H`2/v BM
T`2pBQmb rQ`F Ub22 _2mi2` M/ *BKBMQ (_*Rk)V rBi? i?2 QMHv /Bz2`2M+2 i?i i?2 Q`/2` Q7 i?2
72im`2 rb bHB;?iHv /Bz2`2MiX
&ODVVLILHU YV 7KUHVKROG
6Q` i?2 /2+BbBQM r?2i?2` iQ +`2i2  M2r 2p2Mi Q` MQi- i?2`2 Bb M Hi2`MiBp2 iQ mbBM;  +HbbB}2`X
Ai Bb TQbbB#H2 iQ mb2  bBKTH2 i?`2b?QH/ QM  bBM;H2 72im`2X  T`2/2biBM2/ 72im`2 7Q` i?Bb Bb i?2
mb;2 Q7 i?2 Kt 72im`2- i?2 bBKBH`Biv Q7 #2bi `MF2/ /Q+mK2Mi@2p2Mi +QK#BMiBQMX A7 i?Bb
bBKBH`Biv Bb ?B;?2` i?M  +2`iBM i?`2b?QH/-  M2r 2p2Mi Bb +`2i2/X Pi?2`rBb2 i?2 /Q+mK2Mi
Bb bbB;M2/ iQ i?2 iQT@`MF2/ 2p2MiX
h?Bb K2i?Q/QHQ;v ?b #22M T`QTQb2/ #v Qi?2`b U2X ;X "2+F2`- LKM- M/ :`pMQ ("L:Ry)VX
+imHHv- i?2 mb2 Q7  bBKTH2 i?`2b?QH/ Bb 2[mH iQ i?2 mb2 Q7  +HbbB}2` rBi? QMHv QM2 72im`2X
Ai /Bz2`b BM i?2 T`Q+2bb Q7 ?Qr i?2 i?`2b?QH/ Bb H2`M2/ /m`BM; i?2 i`BMBM; T`Q+2bbX q2 ?p2
b22M BM Qm` 72im`2 MHvbBb i?i i?2 bBM;H2 72im`2 Kt +M #2 mb2/ 7Q` i?2 M2r 2p2Mi /2+BbBQMX










































)LJXUH  *UHHG\ VHDUFK IRU RSWLPDO IHDWXUHV IRU WKH QHZ HYHQW GHWHFWLRQ WDVN XVLQJ D VWDQGDUG 690
>Qr2p2`- i?2 ++m`+v `i2 +?B2p2/ Bb MQi b ?B;? b i?2 #2bi +QK#BMiBQM 7QmM/ U3RXNW pbX
3eXkWVX h?2`27Q`2- i?2 mb;2 Q7 i?2 72im`2 +QK#BMiBQM iQ;2i?2` rBi?  +HbbB}2` vB2H/b 
?B;?2` T`2+BbBQM i i?2 +Qbi Q7 bQK2 //BiBQMH +QKTmiiBQMH iBK2X
Pm` +QM+HmbBQM Bb i?mb i?i i?2 mb;2 Q7  +HbbB}2` Bb i?2 T`272``2/ K2i?Q/X h?2 2tT2`BK2Mib
b?Qr +H2`Hv i?i i?2 `2bmHib `2 BM72`BQ` r?2M mbBM;  bBKTH2 i?`2b?QH/X
 &RQFOXVLRQ
AM i?Bb b2+iBQM r2 ?p2 #22M +QM+2`M2/ rBi? i?2 [m2biBQM Q7 ?Qr r2 +M /2+B/2 2{+B2MiHv r?2i?2`
 M2rHv BM+QKBM; /Q+mK2Mi +QMbiBimi2b  M2r 2p2Mi Q` MQiX q2 b?Qr2/ i?i i?2 mb;2 Q7 
+HbbB}2` rBi? KmHiBTH2 72im`2b Bb T`272``2/ Qp2` M TT`Q+? mbBM;  bBKTH2 i?`2b?QH/ QM QM2
72im`2 7Q` i?2 M2r 2p2Mi /2+BbBQMX
AM Q`/2` iQ i`BM M aoJ- i?2 MmK#2` Q7 i`BMBM; 2tKTH2b b2i iQ k-yyy TQbBiBp2 M/ i?2
bK2 MmK#2` Q7 M2;iBp2 2tKTH2b }ib #2bi 7Q`  +HbbB}+iBQM KQ/2H KtBKBxBM; i?2 /2+BbBQM
T2`7Q`KM+2X q2 HbQ 7QmM/ Qmi i?i  +QK#BMiBQM Q7 7Qm` 72im`2b- Kt- bi//2p- KtmTH- M/
p;- vB2H/b i?2 #2bi T2`7Q`KM+2 rBi? M ++m`+v `i2 Q7 3eXkWX h?2b2 72im`2b r2`2 b2H2+i2/
7`QK  b2i Q7 bBt 72im`2bX h?2b2 72im`2b r2`2 Q`B;BMHHv /2/m+2/ b  `2bmHi 7`QK M QTiBKH
+Hmbi2`BM;X
hQ +QM+Hm/2- r2 ?p2 T`2b2Mi2/  rQ`FBM; KQ/2H 7Q` i?2 M2r 2p2Mi /2i2+iBQM /2+BbBQM mbBM; 
aoJ b +HbbB}2` `2+?BM; 3eXkW ++m`+vX q2 T`272` i?Bb KQ/2H Qp2`  bBKTH2 i?`2b?QH/ KQ/2H
`2+?BM; QMHv 3RXNW ++m`+vX

&KDSWHU  ([SHULPHQWDO 6HWXS DQG 5HVXOWV RI WKH 6XSHUYLVHG 6LQJOH3DVV &ODVVLƓFDWLRQ
 )UDPHZRUN DV D :KROH ŏ 5HVXOWV DQG &RPSDULVRQ
>pBM; 2tKBM2/ HH `2H2pMi T`ib Q7 i?2 +Hmbi2`BM; 7`K2rQ`F BM /2iBH- r2 MQr iF2  HQQF
i Qm` +Hmbi2`BM; 7`K2rQ`F b  r?QH2 M/ MHvx2 Bib Qp2`HH T2`7Q`KM+2X AM a2+iBQM eX8XR-
r2 bi`i rBi?  /2b+`BTiBQM Q7 ?Qr i?2 bvbi2K T`ib `2 QTiBKBx2/ BM Q`/2` iQ HHQr 7Q`  ?B;?
T2`7Q`KM+2 QM i?2 Qp2`HH ibFX h?2M- r2 QmiHBM2 i?2 #b2HBM2b iQ r?B+? r2 +QKT`2 Qm`
TT`Q+?X q2 +QM+Hm/2 i?Bb b2+iBQM rBi? i?2 T`2b2MiiBQM Q7 i?2 `2bmHibX
 7UDLQLQJ DQG 2SWLPL]DWLRQ RI WKH 6\VWHP 3DUWV
AM i?2 T`2pBQmb b2+iBQMb r2 iQQF  HQQF i i?2 bBM;H2 bi2Tb Q7 i?2 7`K2rQ`F M/ r2 2pHmi2/
?Qr i?2v +QmH/ #2 QTiBKBx2/ #2biX q?BH2 i?2 `2bmHib BM/22/ QTiBKBx2 2+? bBM;H2 ibF- Bi /Q2b MQi
M2+2bb`BHv K2M i?i i?2 QTiBKBx2/ bBM;H2 bi2Tb Q7 i?2 7`K2rQ`F `2bmHi BM  bvbi2K `2+?BM;
i?2 #2bi Qp2`HH T2`7Q`KM+2X h?2`27Q`2- r2 MQr BMp2biB;i2 r?B+? b2iiBM;b ?p2 iQ #2 +?Qb2M
7Q` i?2 bBM;H2 bi2Tb BM Q`/2` iQ +?B2p2 QM QTiBKH Qp2`HH +Hmbi2`BM;X
q2 bi`i iQ iF2  HQQF i i?2 +M/B/i2 `2i`B2pH bi2T ;BM BM Q`/2` iQ /2i2`KBM2 M QTiBKH
+M/B/i2 `2i`B2pH 7Q` i?2 Qp2`HH ibFX 7i2` i?i- r2 2tTHBM ?Qr r2 i`BM2/ i?2 +HbbB}2`b
Q7 i?2 b+Q`BM; M/ `MFBM; b r2HH b i?2 M2r 2p2Mi /2i2+iBQM bi2Tb 7Q` Qm` }MH +Hmbi2`BM;
7`K2rQ`FX
&DQGLGDWH 5HWULHYDO
AM a2+iBQM eXkXR r2 T`2b2Mi2/ ?Qr i?2 +M/B/i2 `2i`B2pH bi`i2;B2b T2`7Q`K BM i2`Kb Q7 2z2+@
iBp2M2bbX q2 MQr 2pHmi2 ?Qr r2 +M BKT`Qp2 +M/B/i2 `2i`B2pH 7m`i?2`X
q2 ?p2 b?QrM i?i M QTiBKH +QK#BMiBQM Q7 /Bz2`2Mi bBM;H2 +M/B/i2 `2i`B2pH bi`i2;B2b
KtBKBx2b i?2 T2`7Q`KM+2 `2;`/BM; i?2 +Qbi@2z2+iBp2M2bb `iBQX >Qr2p2`- 7Q` T`+iB+H `2bQMb-
Bi Bb MQi TQbbB#H2 iQ mb2 i?2 QTiBKH +QK#BMiBQM BM i?2 }MH bvbi2K #2+mb2 i?Bb bi`i2;v `2[mB`2b
//BiBQMH FMQrH2/;2 r?B+? Bb MQi T`2b2Mi BM i?2 bvbi2K BM  `2H@rQ`H/ b2iiBM;X AM T`iB+mH`-
r2 /Q MQi FMQr r?B+? bBM;H2 bi`i2;v ?b iQ #2 mb2/ BM Q`/2` iQ `2i`B2p2 QMHv  KBMBKH MmK#2`
Q7 2p2Mib b +M/B/i2bX
h?2`27Q`2-  bQHmiBQM 7Q` i?2 }MH TT`Q+? Bb mbBM; i?2 mMB7Q`K +M/B/i2 `2i`B2pH bi`i2;v
r?2`2 M 2[mH MmK#2` Q7 +M/B/i2b 7`QK 2+? bBM;H2 bi`i2;v ?b iQ #2 `2i`B2p2/X b 
+QMb2[m2M+2- MQi QMHv i?2 MmK#2` Q7 +M/B/i2b `2i`B2p2/ Bb  HQi ?B;?2` #mi HbQ i?2 +Qbib
7Q` i?2 `2i`B2pH iBK2 `2 Km+? ?B;?2`X h?Bb BM+`2b2 Q7 +M/B/i2b HbQ BM+`2b2b i?2 Qp2`HH
T`Q+2bbBM; iBK2 7Q` QM2 /Q+mK2Mi- KFBM; i?2 mMB7Q`K bi`i2;v KQ`2 mMii`+iBp2 BM +QKT`BbQM
iQ i?2 QTiBKH bi`i2;vX
"2bB/2b i?2 irQ +QK#BMiBQM +M/B/i2 `2i`B2pH bi`i2;B2b- r2 br i?i QMHv i?Qb2 +M/B/i2
`2i`B2pH bi`i2;B2b i?i BM+Q`TQ`i2 iBK2biKT 72im`2b `2 +T#H2 Q7 `2+?BM; M 2z2+iBp2M2bb
Q7 HKQbi RyyWX Pi?2` bi`i2;B2b /Q MQi `2+?  ?B;? 2MQm;? 2z2+iBp2M2bb iQ #2 iF2M BMiQ
++QmMi 7Q` 7m`i?2` 2tKBMiBQMX

 )UDPHZRUN DV D :KROH ŋ 5HVXOWV DQG &RPSDULVRQ
:Bp2M i?2 BKTQ`iM+2 Q7 ?pBM;  bmBi#H2 +M/B/i2 `2i`B2pH bi`i2;v i?i Bb iBHQ`2/ iQ i?2
/QKBM BM [m2biBQM- BM i?Bb b2+iBQM r2 BMp2biB;i2 /Bz2`2Mi +M/B/i2 `2i`B2pH Q` #HQ+FBM; bi`i2@
;B2b BM i2`Kb Q7 i?2B` +Qbi@2z2+iBp2M2bb i`/2Qz rBi? `2bT2+i iQ i?2 ibF Q7 +Hmbi2`BM;  bi`2K Q7
bQ+BH K2/B /Q+mK2Mib BMiQ M 2pQHpBM; b2i Q7 2p2MibX q2 b?Qr i?i mbBM;  #HQ+FBM; bi`i2;v
7mH}HHb HH +`Bi2`B /2KM/2/ #Qp2X
AM i?2 7QHHQrBM; r2 i?mb +QKT`2 i?2 KQbi 2z2+iBp2 +M/B/i2 `2i`B2pH bi`i2;B2b M/ bim/v
i?2B` BM~m2M+2 QM i?2 Qp2`HH ibF Q7 +HbbB7vBM; /Q+mK2Mib BMiQ i?2B` +Q``2bTQM/BM; 2p2Mi rBi?
`2bT2+i iQ i?2B` T`2+BbBQM- `2+HH- M/ 6@K2bm`2X AM //BiBQM iQ i?i- b  #b2HBM2- r2 +QKT`2
?Qr r2HH i?2 +Hmbi2`BM; T`Q+2bb T2`7Q`Kb B7 MQ +M/B/i2 `2i`B2pH Bb TTHB2/ i HHX
&ODVVLILFDWLRQ 3HUIRUPDQFH
AM 6B;m`2 eXe r2 ?p2 THQii2/ i?2 6@K2bm`2 7Q` i?2 7Qm` KQbi 2z2+iBp2 +M/B/i2 `2i`B2pH bi`i2@
;B2b, *Tim`2 hBK2- lTHQ/ hBK2- lMB7Q`K *QK#BMiBQM- PTiBKH *QK#BMiBQMX AM bmKK`v-
i?2 `2bmHib `2 bm`T`BbBM;X Ai Bb `2K`F#H2 i?i i?2 iBK2@#b2/ +M/B/i2 `2i`B2pH bi`i2;B2b
QmiT2`7Q`K #Qi? i?2 mMB7Q`K M/ QTiBKH +QK#BMiBQM BM i2`Kb Q7 6@K2bm`2X
h?2 lTHQ/ hBK2 bi`i2;v T2`7Q`Kb #2biX q2 +M b22 i?i i?Bb bi`i2;v H`2/v vB2H/b 6@K2bm`2
pHm2b ;`2i2` i?M 3yW 7Q`  `2HiBp2Hv HQr kX 6`QK i?2 pB2r Q7 +QKTmiiBQMH iBK2 M22/2/
i?Bb Bb TH2bBM; b i?2 `2i`B2pH +Qbi 7Q` i?Bb bi`i2;v Bb HbQ i?2 HQr2bi Q7 HH bi`i2;B2b T`2b2Mi2/
b i?2`2 Bb QMHv QM2 72im`2 BMpQHp2/X AM //BiBQM- i?2 `2i`B2pH +M #2 BKTH2K2Mi2/ #v  bBM;H2
[m2`v iQ  /i#b2 Q` /i biQ`;2X
6B;m`2 eXe HbQ b?Qrb i?2 T`2+BbBQM M/ `2+HH pHm2b Qp2` k 7Q` i?2 K2MiBQM2/ bi`i2;B2bX AM
;2M2`H- i?2 T`2+BbBQM /2+`2b2b r?BH2 i?2 `2+HH BM+`2b2b rBi?  ;`QrBM; kc i?Bb Bb b 2tT2+i2/X
Ai Bb Q#b2`p#H2 i?i i?2 ?B;?2bi `2+HH Bb +?B2p2/ #v i?2 lTHQ/ hBK2 bi`i2;v- r?B+? Bb iQ #2
T`272``2/ B7 `2+HH Bb BKTQ`iMi- BX 2X B7 HH /Q+mK2Mib r?B+? +imHHv #2HQM; iQ QM2 2p2Mi b?QmH/
#2 ;`QmT2/ iQ;2i?2` #v i?2 +HbbB}2`X h?2 *Tim`2 hBK2 bi`i2;v- ?Qr2p2`- ?b i?2 ?B;?2bi
T`2+BbBQM +QKT`2/ iQ HH Qi?2` +M/B/i2 `2i`B2pH bi`i2;B2bX h?mb i?Bb Bb BM/22/ i?2 T`272`#H2
bi`i2;v B7 T`2+BbBQM Bb BKTQ`iMiX
hQ i+FH2 i?2 [m2biBQM ?Qr i?2 bvbi2K T2`7Q`KM+2 Bb BM~m2M+2/ #v i?2 +M/B/i2 `2i`B2pH
bi`i2;v- r2 +QKT`2 6@K2bm`2- T`2+BbBQM- M/ `2+HH pHm2b 7Q` /Bz2`2Mi bi`i2;B2b M/ k = 18
UKQbi T`QKBbBM; pHm2V rBi?  +QM};m`iBQM Q7 Qm` +Hmbi2`BM; bvbi2K i?i mb2b MQ +M/B/i2
`2i`B2pH bi`i2;v i HHX h?2 `2bmHib `2 b?QrM BM h#H2 eXeX
7DEOH  &RPSDULVRQ RI VHYHUDO FDQGLGDWH UHWULHYDO VWUDWHJLHV ZLWK N   WR QR FDQGLGDWH UHWULHYDO
ai`i2;v 61@J2bm`2 S`2+BbBQM _2+HH
lTHQ/ hBK2 yX3de yXNjd yX3kj
*Tim`2 hBK2 yX3e9 yXNke yX3Ry
lMB7Q`K *QK#BMiBQM yX39N yX3kN yX3jN
PTiBKH *QK#BMiBQM yX38e yX39d yX38R
LQ *M/B/i2 _2i`B2pH yXedR yX8dk yX3Rj

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)LJXUH  3HUIRUPDQFH FRPSDULVRQ IRU GLIIHUHQW FDQGLGDWH UHWULHYDO VWUDWHJLHV RYHU N
h?2 `2bmHib b?Qr i?i i?2 lTHQ/ hBK2 bi`i2;v T`QpB/2b i?2 #2bi `2bmHib M/ QmiT2`7Q`Kb HH
Qi?2` 7Q`Kb Q7 +M/B/i2 `2i`B2pH 7Q` k = 18 M/ rBi? `2bT2+i iQ 6@K2bm`2X MQi?2` bm`T`BbBM;
}M/BM; Bb i?i- BM bTBi2 Q7 +QMbB/2`BM; QMHv R3 2p2Mib- HH +M/B/i2 `2i`B2pH bi`i2;B2b QmiT2`7Q`K
 +QM};m`iBQM Q7 Qm` bvbi2K r?2`2 MQ +M/B/i2 `2i`B2pH bi`i2;v Bb mb2/ i HHX h?2 `2bQM
7Q` i?Bb Bb i?i i?2 +M/B/i2 `2i`B2pH bi2T 2HBKBMi2b MQBb2 i?i KB;?i +QM7mb2 i?2 +HbbB}+iBQM
+QKTQM2MibX
3URFHVVLQJ 7LPH
AM 6B;m`2 eXd r2 THQi i?2 Qp2`HH T`Q+2bbBM; iBK2 7Q`  7mHH +HbbB}+iBQM T`Q+2bb Q7 Qm` 7`K2rQ`FX
AM i?i ;`T?B+ r2 +QKT`2 i?2 Qp2`HH T`Q+2bbBM; iBK2 7Q` QM2 /Q+mK2Mi 7i2`  +2`iBM MmK#2`
Q7 /Q+mK2Mib T`Q+2bb2/X q2 b22 i?i i?2 T`Q+2bbBM; iBK2 7Q` QM2 /Q+mK2Mi BM+`2b2b +QMbiMiHv
B7 MQ +M/B/i2 `2i`B2pH bi`i2;v Bb mb2/X lbBM; bm+?  bi`i2;v- i?2 T`Q+2bbBM; iBK2 Bb HKQbi
RoHm2b 7Q` i?2 mMB7Q`K bi`i2;v `2 BMi2`TQHi2/ 7Q` HH pHm2b MQi /BpB/#H2 #v e b #v /2}MBiBQM- i?Bb bi`i2;v
HHQrb QMHv M BM+`2b2 Q7 bBt +M/B/i2b i QM+2X












































)LJXUH  &RPSXWLQJ WLPH IRU GRFXPHQW SURFHVVLQJ XVLQJ FDQGLGDWH UHWULHYDO LQ FRPSDULVRQ WR QR FDQGLGDWH
UHWULHYDO
+QMbiMi Qp2` iBK2X h?2 bKHH BM+`2b2 Qp2` iBK2 +M #2 2tTHBM2/ #v HQM;2` `2i`B2pH iBK2b Q7
i?2 +M/B/i2b b i?2 2p2Mi b2i ;`QrbX
6XPPDU\
Pp2`HH- Qm` }M/BM;b M/ `2bmHib HHQr 7Q` i?2 7QHHQrBM; +QM+HmbBQMb,
Ç Pm` +M/B/i2 `2i`B2pH bi`i2;B2b +H2`Hv QmiT2`7Q`K M TT`Q+? MQi mbBM; Mv Q7 i?Qb2
bi`i2;B2b i HHX
Ç *M/B/i2 `2i`B2pH bi`i2;B2b rBi? i?2 ?B;?2bi +Qbi@2z2+iBp2M2bb `iBQ U2X ;X PTiBKH *QK@
#BMiBQM- b T`2b2Mi2/ BM a2+iBQM eXkV `2 MQi i?2 #2bi QM2b rBi? `2bT2+i iQ i?2 Qp2`HH
+HbbB}+iBQM T2`7Q`KM+2X h?2v `2 QmiT2`7Q`K2/ #v bBKTH2` bi`i2;B2b i?i +QMbB/2`
QMHv i?2 iBK2biKT U*Tim`2 hBK2 M/ lTHQ/ hBK2V- r?B+? KQ`2Qp2` +M #2 +QKTmi2/
2{+B2MiHv #v  bBM;H2 [m2`v- MQi `2[mB`BM; iQ +QK#BM2 `2bmHib 7`QK KmHiBTH2 [m2`B2bX
Ç Pm` bvbi2K `2+?2b Bib iQT T2`7Q`KM+2 Q7 3dXeW 6@K2bm`2 mbBM; i?2 lTHQ/ hBK2
+M/B/i2 `2i`B2pH bi`i2;v rBi? QMHv R3 2p2Mib `2i`B2p2/X
h?2b2 `2bmHib `2 p2`v BMi2`2biBM; b i?2v ?p2 bB;MB}+Mi BKT+i QM i?2 /2bB;M Q7 Mv bvbi2K
ii2KTiBM; iQ +HbbB7v bQ+BH K2/B /Q+mK2Mib BMiQ M 2pQHpBM; b2i Q7 2p2MibX
6FRULQJ DQG 5DQNLQJ 6WHS
_2;`/BM; i?2 /2+BbBQM 7Q` bbB;MK2Mi Q7 /i Bi2Kb iQ 2p2Mib r2 mb2 i?2 +`2i2/ i`BMBM; /i
/2b+`B#2/ BM a2+iBQM eXjX h?Bb Bb  #HM+2/ i`BMBM; b2i rBi? 3-yyy TQbBiBp2 M/ 3-yyy M2;iBp2

&KDSWHU  ([SHULPHQWDO 6HWXS DQG 5HVXOWV RI WKH 6XSHUYLVHG 6LQJOH3DVV &ODVVLƓFDWLRQ
bKTH2b 7`QK i?2 i`BMBM; bTHBi Q7 Qm` /ib2i r?B+? ?p2 #22M +`2i2/ mbBM; i?2 M2`2bi bKTHBM;
bi`i2;vX
h?2 i`BMBM; /i Bb mb2/ iQ i`BM  biM/`/ amTTQ`i o2+iQ` J+?BM2 U*@aoJV iQ;2i?2` rBi?
 HBM2` F2`M2HX h?2 ?vT2`@T`K2i2` C /2MQiBM; i?2 i`/2@Qz #2ir22M i?2 i`BMBM; 2``Q` M/
K`;BM Bb b2i iQ 1.0X
AM /Bz2`2M+2 iQ i?2 +HbbB}2` mb2/ 7Q` QTiBKBxiBQM- i?2 aoJ +HbbB}2` ?2`2 ?b #22M 2ti2M/2/ bQ
i?i Bi +M ?M/H2 KBbbBM; 72im`2b BMbi2/ Q7 bbmKBM; i?i i?2 bBKBH`Biv 7Q`  KBbbBM; 72im`2
U2X ;X i?2 ;2Q;`T?B+ HQ+iBQMV Bb yXyX h?Bb 2M#H2b i?2 +HbbB}2` iQ /BbiBM;mBb? #2ir22M i?2 +b2
r?2`2 i?2 72im`2 Bb KBbbBM; M/ i?2 +b2 r?2`2 i?2 bBKBH`Biv Bb +imHHv yXyX
1HZ (YHQW 'HWHFWLRQ 6WHS
q2 +`2i2/ k-yyy TQbBiBp2 M/ k-yyy M2;iBp2 i`BMBM; 2tKTH2b b T`QTQb2/ BM a2+iBQM eX9-
mbBM; i?2 i`BM2/ b+Q`BM; M/ `MFBM; +HbbB}2` M/ i?2 +M/B/i2 `2i`B2pH K2i?Q/ b /2b+`B#2/
#Qp2X
h?2 aoJ Bb i`BM2/ mbBM; i?2 bK2 b2iiBM;b b i?2 QM2 7Q` i?2 b+Q`BM; M/ `MFBM; bi2T rBi?
i?2 /Bz2`2M+2 i?i r2 mb2 M _"6 F2`M2H Q7 i?2 7Q`K Φ(d, e) = e−γ·||d−e||2 rBi? γ = 14 X
q2 HbQ QTiBKBx2/ i?2 pHm2 7Q` i?2 ?vT2`@T`K2i2` θn- r?B+? bT2+B}2b r?2i?2` i?2 M2rHv
``Bp2/ /i TQBMi #2HQM;b iQ  M2r 2p2Mi Q` MQiX Ai ?b #22M /2i2`KBM2/ #v ;`/B2Mi /2b+2Mi
QM i?2 i`BMBM; b2i Q7 _2a11. mbBM; 6@K2bm`2 b QTiBKBxiBQM +`Bi2`BQMX q2 ;2i M QTiBKH
pHm2 Q7 yXej 7Q` Qm` TT`Q+?- M/  pHm2 Q7 yX93 7Q` Qm` `2@BKTH2K2MiiBQM Q7 i?2 TT`Q+?
#v "2+F2`- LKM- M/ :`pMQ ("L:Ry)X
 %DVHOLQHV
b #b2HBM2b 7Q` +QKTb`BbQM r2 mb2 i?2 7QHHQrBM; QM2b,
Ç S2`.v, aBKTH2 /v@rBb2 +Hmbi2`BM; UmTHQ/ M/ +Tim`2 iBK2V
Ç S2`lb2`.v, *Hmbi2`BM; #v /v UmTHQ/ M/ +Tim`2 iBK2V M/ mTHQ/2`
Ç "2+F2`, *Gaa@aoJ K2i?Q/ /2b+`B#2/ BM "2+F2`- LKM- M/ :`pMQ ("L:Ry)
Ç "2+F2`*_, *Gaa@aoJ K2i?Q/ rBi? +M/B/i2 `2i`B2pH
lbBM; i?2 bBKTH2 /v@rBb2 +Hmbi2`BM; S2`.v- r2 iF2 i?2 i2bi bTHBi Q7 Qm` /ib2i M/ K2`;2
HH /Q+mK2Mib BMiQ QM2 +Hmbi2` /v@rBb2X h?i Bb- HH /Q+mK2Mib 7`QK QM2 bBM;H2 /v #2ir22M
y,yy,yy M/ kj,8N,8N `2 +Hmbi2`2/ BMiQ QM2 2p2MiX q2 /Q i?Bb #Qi? 7Q` i?2 mTHQ/ M/ +Tim`2
iBK2biKT BM/BpB/mHHvX
h?2 #b2HBM2 S2`lb2`.v r?2`2 i?2 /Q+mK2Mib `2 K2`;2/ #v /v M/ mTHQ/2` Bb bBKBH` iQ
i?2 T`2pBQmb QM2X Ai Bb /Bz2`2Mi BMbQ7` i?i i?2 mTHQ/2` Q7 i?2 /Q+mK2Mi Bb HbQ iF2M BMiQ
++QmMiX 1`;Q- HH /Q+mK2Mib Q7 QM2 mTHQ/2` 7`QK QM2 bBM;H2 /v #2ir22M y,yy,yy M/ kj,8N,8N
`2 Tmi BMiQ QM2 bBM;H2 2p2MiX h?2 B/2 #2?BM/ i?Bb #b2HBM2 Bb i?2 BKBiiBQM Q7 KMv bBM;H2@mb2`

 )UDPHZRUN DV D :KROH ŋ 5HVXOWV DQG &RPSDULVRQ
7DEOH  5HVXOWV RI RXU DSSURDFK LQ FRPSDULVRQ ZLWK GLIIHUHQW EDVHOLQHV XVLQJ WKH 5H6((' WHVW VHW
J2i?Q/ 61@K2bm`2 S`2+BbBQM _2+HH
Pm` J2i?Q/ yX33e yXN8R yX3jy
"2+F2` yXeey yX883 yX3ye
"2+F2`*_ yX33k yXNyN yX38e
S2`.v+T yX8Ne yX9NR yXd83
S2`.vmTH yXeyd yX9N9 yXd3e
S2`lb2`.v+T yX39R yXN3y yXdje
S2`lb2`.vmTH yX39k yXNNe yXdkN
T?QiQ H#mK bvbi2Kb UHBF2 TTH2 BS?QiQ Q` /Q#2 GB;?i`QQKV r?2`2 T?QiQb `2 +Hmbi2`2/ BMiQ
2p2Mib /v@rBb2X h?Bb K2i?Q/ Bb HbQ TTHB2/ mbBM; #Qi? iBK2biKT ivT2b BM/BpB/mHHvX
"2+F2`- LKM- M/ :`pMQ ("L:Ry) /2b+`B#2 M BM+`2K2MiH +Hmbi2`BM; TT`Q+? r?B+?
HbQ KF2b mb2 Q7  amTTQ`i o2+iQ` J+?BM2 BM Q`/2` iQ }M/ i?2 KQbi HBF2Hv 2p2Mi i?i 
/Q+mK2Mi #2HQM;b iQX h?2`2 `2 irQ +`m+BH /Bz2`2M+2b iQ Qm` TT`Q+?X 6B`bi- i?2v /Q MQi mb2
 b2+QM/ /2+BbBQM KQ/2H iQ /2i2+i M2r 2p2Mib- #mi  bBKTH2 i?`2b?QH/ #b2/ QM i?2 KtBKH
bBKBH`BivX a2+QM/- i?2v /Q MQi 2KTHQv  +M/B/i2 `2i`B2pH bi2Tc i?2`27Q`2- "2+F2`- LKM-
M/ :`pMQ ("L:Ry) ?p2 iQ b+M HH 2p2Mib BM i?2 /i#b2 7Q` 2+? BM+QKBM; /Q+mK2MiX q2
?p2 `2BKTH2K2Mi2/ i?2B` TT`Q+? M/ i2bi2/ Bi mM/2` i?2 bK2 +QM/BiBQMb M/ QM i?2 bK2
/ib2i b Qm` TT`Q+?X
b MQi?2` #b2HBM2- r2 mb2 i?2 `2@BKTH2K2MiiBQM 7`QK i?2 TT`Q+? Q7 "2+F2` 2i HX M/
//  +M/B/i2 `2i`B2pH bi2TX qBi? i?Bb 2M?M+2K2Mi i?2B` TT`Q+? +M i?mb b+H2 iQ H`;2`
/ib2ibX Ai Bb HbQ i2bi2/ mM/2` i?2 bK2 +QM/BiBQMb b Qm` TT`Q+?X
 2YHUDOO 6\VWHP 3HUIRUPDQFH
AM i?2 7QHHQrBM;- r2 +QKT`2 i?2 Qp2`HH bvbi2K T2`7Q`KM+2 Q7 Qm` 7`K2rQ`F BM i2`Kb Q7 T`2+B@
bBQM- `2+HH- M/ 6@K2bm`2 iQ i?2 T2`7Q`KM+2 Q7 i?2 #b2HBM2bX AM T`iB+mH`- i?2 7QHHQrBM; bvb@
i2Kb `2 +QKT`2/, "2+F2`- "2+F2`*_- S2`.v+T- S2`.vmTH- S2`lb2`.v+T- S2`lb2`.vmTH-
b r2HH b Qm` K2i?Q/X
h?2 `2bmHib Q7 i?2 /Bz2`2Mi TT`Q+?2b `2 `2TQ`i2/ BM h#H2 eXdX HH 2tT2`BK2Mib ?p2 #22M
+QM/m+i2/ QM Qm` _2a11. i2bi b2i M/ +M i?mb #2 +QKT`2/ iQ Qi?2` TT`Q+?2b mbBM; i?Bb
/ib2i 7Q` +Hmbi2`BM;X h?2 F2v Q#b2`piBQMb `2 b 7QHHQrb,
Ç h?2 S2`lb2`.v #b2HBM2 K2i?Q/b `2+? /2+2Mi 6@K2bm`2bX 6m`i?2`KQ`2- i?2 T`2+BbBQM
Bb p2`v ?B;?- +H2`Hv b?QrBM; i?i i?2 bBKTH2 bbmKTiBQM Q7 /Bp2`b2 bBM;H2@mb2` T?QiQ
+QHH2+iBQM TTHB+iBQMb i?i QM2 mb2` iF2b T?QiQ;`T?b 7`QK QMHv QM2 2p2Mi T2` /v Bb
++2Ti#H2X >Qr2p2`- i?2 `2+HH Bb `i?2` HQrc r2 +QM+Hm/2 7`QK i?Bb i?i KMv 2p2Mib `2
bT`2/ Qp2`  HQM;2` T2`BQ/ i?M k9 ?Qm`bX Ai Bb Q#pBQmb i?i i?2v `2 MQi +Tim`2/ #v
i?2b2 #b2HBM2bX

&KDSWHU  ([SHULPHQWDO 6HWXS DQG 5HVXOWV RI WKH 6XSHUYLVHG 6LQJOH3DVV &ODVVLƓFDWLRQ
Ç  bmBi#H2 +M/B/i2 `2i`B2pH bi2T Bb p2`v BKTQ`iMiX *QKT`BM; Qm` TT`Q+? Q` i?2 QM2
7`QK "2+F2` iQ M TT`Q+? rBi?  +M/B/i2 `2i`B2pH bi2T- r2 +M b22 i?i +M/B/i2
`2i`B2pH ?b  ?m;2 BKT+i QM i?2 T2`7Q`KM+2 BM i2`Kb Q7 [mHBivX h?2 TT`Q+? rBi?Qmi
+M/B/i2 `2i`B2pH Bb +H2`Hv QmiT2`7Q`K2/ #v i?2 Qi?2` TT`Q+?2b BM+Q`TQ`iBM; bm+? 
bi2TX
Ç Ai Bb bm`T`BbBM; i?i i?2 +M/B/i2 `2i`B2pH bi2T MQi QMHv BM+`2b2b i?2 2{+B2M+v Q7 i?2
bvbi2K- #mi HbQ BM+`2b2b i?2 +HbbB}+iBQM T2`7Q`KM+2 T2` b2X h?Bb Bb /m2 iQ M 2HBK@
BMiBQM Q7 MQBb2 i?i KB;?i +QM7mb2 i?2 +HbbB}2`b BM i?2 b+Q`BM; M/ `MFBM; b r2HH b
i?2 M2r 2p2Mi /2i2+iBQM bi2TbX Ai HbQ b?Qrb i?i i?2 +M/B/i2 `2i`B2pH BM/22/ Bb #H2 iQ
2HBKBMi2 KMv 2p2Mib i?i i?2 /Q+mK2Mi Bb mMHBF2Hv iQ #2HQM; iQX
Ç AM +QKT`BbQM iQ i?2 TT`Q+? Q7 "2+F2` rBi?  +M/B/i2 `2i`B2pH +QKTQM2Mi- Qm` K2i?Q/
?b  Km+? ?B;?2` T`2+BbBQM UyXN8R pbX yXNyNV- r?B+? Bb M /pMi;2 BM Qm` ;2M2`H
+Hmbi2`BM; b2iiBM;X Pm` bbmKTiBQM Bb i?i  mb2` Bb BMi2`2bi2/ BM b22BM; Tm`2 +Hmbi2`b rBi?
QMHv 72r bTm`BQmb 2tKTH2bX >pBM;  ?B;? T`2+BbBQM HHQrb 7Q` mbBM;  TQbi@T`Q+2bbBM;
bi`i2;v i?i BKb iQ BM+`2b2 i?2 `2+HH #v K2`;BM; +Hmbi2`b Q7 bBKBH` 2p2MibX b i?2
BM+`2b2 BM `2+HH Hrvb +QK2b i i?2 2tT2Mb2 Q7 `2/m+BM; T`2+BbBQM-  ?B;?2` T`2+BbBQM b
Q#iBM2/ #v Qm` TT`Q+? BM +QKT`BbQM iQ i?2 QM2 Q7 "2+F2` Bb #2M2}+BHX
JQ`2Qp2`- r2 Q#b2`p2 i?i i?2 T2`7Q`KM+2 Q7 "2+F2` Bb Km+? HQr2` i?M "2+F2`- LKM- M/
:`pMQ ("L:Ry) `2TQ`i BM i?2B` Tm#HB+iBQMX h?Bb /Bz2`2M+2 +M #2 2tTHBM2/ #v i?2 7+i i?i
i?2 MmK#2` Q7 /Q+mK2Mib iQ #2 +Hmbi2`2/ /Bz2`bX q?BH2 r2 i2bi2/ Qm` bvbi2K rBi? RjR-kRR
bKTH2b- "2+F2` 2i HX mb2/  /ib2i +QMbBbiBM; Q7 QMHv kd-yyy /Q+mK2MibX q?2M mbBM; KQ`2
/Q+mK2Mib- i?2`2 `2 HbQ KQ`2 2p2MibX b  +QMb2[m2M+2- i?2 +?M+2 Q7 bbB;MBM;  /Q+mK2Mi
iQ  r`QM; 2p2Mi Bb Km+? ?B;?2`X h?Bb 2tTHBMb i?2 HQr2` 6@K2bm`2bX
 &RQFOXVLRQV
AM i?Bb +?Ti2` r2 ?p2 T`2b2Mi2/ Qm` bBM;H2@Tbb TT`Q+? 7Q` +Hmbi2`BM; rBi? i?2 2p2Mi@#b2/
bi`2K +HbbB}+iBQM 7`K2rQ`FX q2 BM/22/ ?p2 b?QrM i?i Qm` bvbi2K Bb #H2 iQ +HbbB7v 
bi`2K Q7 bQ+BH K2/B /i BMiQ  ;`QrBM; M/ 2pQHpBM; b2i Q7 2p2MibX Pm` K2i?Q/ ?b #22M
TTHB2/ iQ Qm` _2a11. /ib2i HHQrBM; 7Q` M 2bv +QKT`BbQM rBi? Qi?2` TT`Q+?2bX
AM T`iB+mH`- r2 ?p2 b?QrM i?i Qm` 7`K2rQ`F rBi? i?2 bBM;H2@Tbb TT`Q+? Bb #H2 iQ
bm++2bb7mHHv //`2bb i?2 7QHHQrBM; F2v T`Q#H2Kb,
Ç q2 `2 #H2 iQ i+FH2 i?2 M2r 2p2Mi /2i2+iBQM T`Q#H2K- BX 2X i?2 T`Q#H2K Q7 /2i2`KBMBM;
r?2i?2` M BM+QKBM; /i TQBMi #2HQM;b iQ  M2r 2p2Mi Q` MQiX




h?2b2 T`Q#H2Kb r2`2 //`2bb2/ bm++2bb7mHHv #v BM+Hm/BM;  +M/B/i2 `2i`B2pH bi2T `2i`B2pBM; 
b2i Q7 2p2Mi +M/B/i2b i?i i?2 BM+QKBM; /i TQBMi Bb HBF2Hv iQ #2HQM; iQ M/ #v BM+Hm/BM; 
7mM+iBQM i?i rb i`BM2/ mbBM; K+?BM2 H2`MBM; i2+?MB[m2b iQ /2i2`KBM2 r?2i?2` i?2 BM+QKBM;
/i TQBMi #2HQM;b iQ i?2 iQT b+Q`BM; +M/B/i2 Q` `i?2` iQ  M2r 2p2MiX
q2 ?p2 /B`2+iHv +QKT`2/ Qm` bvbi2K iQ b2p2`H #b2HBM2b b?QrBM; i?i Bi QmiT2`7Q`Kb HH Q7
i?2K BM i2`Kb Q7 6@K2bm`2X Pm` TT`Q+? HbQ QmiT2`7Q`Kb i?2 TT`Q+? 7`QK "2+F2` 2i HX
BM i2`Kb Q7 2{+B2M+vX h?2 #2M2}i Q7 Qm` TT`Q+? Bb i?i Bi ?b i?2 +T#BHBiv iQ b+H2X h?2
T`Q+2bbBM; iBK2 T2` /Q+mK2Mi `2KBMb M2`Hv +QMbiMi rBi? BM+`2bBM; /Q+mK2Mib- //`2bbBM;
i?2 b+H#BHBiv +?HH2M;2 K2MiBQM2/ #27Q`2X
h?2 `2bmHi Q7 Qm` bvbi2K rBi? 33XeW 6@K2bm`2 Bb H`2/v ;QQ/- #mi M2p2`i?2H2bb r2 +FMQrH2/;2
i?i i?2 lb2`.v #b2HBM2 HbQ `2+?2/  ?B;? pHm2 i p2`v HQr +QKTmiiBQMH +QbiX q2 b22
i?i i?2 #b2HBM2 T2`7Q`Kb #2ii2` BM i2`Kb Q7 T`2+BbBQM H2/BM; mb iQ BMp2biB;i2 7m`i?2` BMiQ i?2
/B`2+iBQM Q7 BM+`2bBM; `2+HHX q2 BMi2M/ iQ 2tKBM2 r?2i?2` i?2 T2`7Q`KM+2 Q7 Qm` TT`Q+?
+M #2 BM+`2b2/ #v i?2 mb2 Q7  b2+QM/ Tbb r?B+? K2`;2b /Bz2`2Mi 2p2Mib BMiQ QM2X h?Bb rBHH








6\VWHP 'HVFULSWLRQ RI WKH 6WUHDP
&ODVVLILFDWLRQ )UDPHZRUN IRU D
0XOWL3DVV 6HWWLQJ
AM i?2 T`2pBQmb T`i Q7 i?Bb /Bbb2`iiBQM- r2 T`2b2Mi2/ M/ 2tT2`BK2MiHHv 2pHmi2/ Qm` bi`2K
+HbbB}+iBQM 7`K2rQ`F mb2/ rBi?  bBM;H2@Tbb bi`i2;vX q2 ?p2 b?QrM i?i Qm` 7`K2rQ`F
rBi? i?2 i?`22 +QKTQM2Mib +M/B/i2 `2i`B2pH- b+Q`BM; M/ `MFBM;- b r2HH b M2r 2p2Mi /2@
i2+iBQM Bb BM/22/ #H2 iQ +Hmbi2`  /i bi`2K Q7 bQ+BH K2/B /Q+mK2Mib bm++2bb7mHHvX h?2
/pMi;2b Q7 i?2 bvbi2K Qp2` Qi?2` bii2@Q7@i?2@`i TT`Q+?2b `2 i?i V Bi Bb b+H#H2 iQ
i?2 /i bBx2b M/ `i2b M22/2/ BM i?2 `2 Q7 bQ+BH K2/B TTHB+iBQMb- HHQrBM; 2p2M iQ b+H2
iQ /i bi`2Kb Q7 BM}MBi2 bBx2ěi?2Q`2iB+HHvě- bbmKBM; i?i HH 2p2Mib M/ /Q+mK2Mib +M
#2 biQ`2/ T?vbB+HHv- M/ #V Bi ?b  p2`v ;QQ/ Qp2`HH T2`7Q`KM+2 r?B+? QmiT2`7Q`Kb b2p2`H
#b2HBM2b M/ +QKT2iBM; TT`Q+?2b QM Qm` `2H@rQ`H/ M/ MQM@iQv _2a11. /ib2iX
1p2M i?Qm;? i?2 T2`7Q`KM+2 M/ `2bmHib Q7 Qm` bBM;H2@Tbb TT`Q+? `2 H`2/v p2`v ;QQ/-
r2 `2 r`2 Q7 Qi?2` TT`Q+?2b mbBM; Qm` /ib2i BM  MQM@bi`2K +QMi2ti b?QrBM;  #2ii2`
T2`7Q`KM+2 U7Q` KQ`2 BM7Q`KiBQM b22 HbQ a2+iBQM jXdVX h?Bb T`Qp2b i?i Bi Bb biBHH TQbbB#H2 iQ
`2+? #2ii2` `2bmHibX q2 /Bb+Qp2`2/ i?i MQi QMHv Qm` TT`Q+? #mi HbQ irQ bBKTH2 #b2HBM2b
`2 #H2 iQ T`Q/m+2 p2`v ?B;? pHm2b 7Q` T`2+BbBQM r?BH2 F22TBM;  ?B;? Qp2`HH T2`7Q`KM+2 BM
i2`Kb Q7 6@K2bm`2X h?Bb Bb BMi2`2biBM; 7Q` mb BM irQ rvbX
6B`bi- r2 bbmK2 i?i mb2`b `2 BMi2`2bi2/ BM b22BM; p2`v Tm`2 +Hmbi2`b rBi? QMHv 72r Q` BM
#2bi +b2 MQ MQBbv 2H2K2MibX hQ +H`B7v i?Bb- H2i mb bbmK2 irQ /Bz2`2Mi b+2M`BQbX AM i?2 }`bi
b+2M`BQ-  `2H 2p2Mi Bb bTHBi BMiQ i?`22 /BbiBM+i 2p2Mib #v M H;Q`Bi?Kc BM i?2 b2+QM/ b+2M`BQ-
HH /Q+mK2Mib Q7 i?Bb 2p2Mi `2 K2`;2/ +Q``2+iHv BMiQ QM2 bBM;H2 +Hmbi2` #mi BM //BiBQM Qi?2`
/Q+mK2Mib `2 K2`;2/ BMiQ i?i +Hmbi2` i?i Bb MQi #2HQM;BM; i?2`2X AM i?2 }`bi +b2-  mb2`
+M 2bBHv B/2MiB7v i?i i?2 /BbiBM+i 2p2Mib +imHHv /2TB+i QMHv QM2 2p2Mi M/ i?2v `2 }MHHv
K2`;2/ `2bmHiBM; BM  biBHH Tm`2 M/ /2bB`2/ 2p2Mi +Hmbi2`X *H2MBM; mT i?2 +Hmbi2` T`Q/m+2/ BM
i?2 b2+QM/ +b2 BMpQHp2b  HQi KQ`2 rQ`F b 2p2`v 2H2K2Mi ?b iQ #2 +?2+F2/ B7 Bi #2HQM;b iQ i?2
+Hmbi2` Q` MQiX q2 +H2`Hv b22 i?i i?2 }`bi +b2 +M #2 i+FH2/ 2bB2`X

&KDSWHU  6\VWHP 'HVFULSWLRQ RI WKH 6WUHDP &ODVVLƓFDWLRQ )UDPHZRUN IRU D 0XOWL3DVV 6HWWLQJ
a2+QM/- KQ`2 BKTQ`iMiHv- B7 Bi Bb TQbbB#H2 7Q` ?mKMb iQ K2`;2 i?2 `2bmHiBM; 2p2Mi +Hmbi2`b iQ
`2+?  #2ii2` Qp2`HH +Hmbi2`BM;X h?Bb K2`;BM; T`Q+2bb Bb HbQ TQbbB#H2 7Q`  K+?BM2 H2`MBM;
bvbi2KX h?2`27Q`2- Qm` B/2 Bb iQ TTHv MQi?2` +HbbB}+iBQM T`Q+2bb QM iQT Q7 i?2 `2bmHiBM;
+Hmbi2`BM;X b Qm` bBM;H2@Tbb TT`Q+? M/ i?2 irQ #b2HBM2b +imHHv T`Q/m+2 `2bmHib bBKBH`
iQ i?2 }`bi +b2 Q7 Qm` 2tKTH2 #Qp2- r2 BM/22/ ?p2  p2`v ;QQ/ bi`iBM; TQbBiBQM iQ K2`;2
i?2 T`Q/m+2/ +Hmbi2`b 7m`i?2`X S`+iB+HHv- i?2 bi`i2;v Bb iQ BM+`2b2 `2+HH #v K2`;BM; +Hmbi2`b
/2TB+iBM; bBKBH` 2p2MibX Ai KB;?i #2 TQbbB#H2 i?i M BM+`2b2 Q7 `2+HH +QK2b i i?2 2tT2Mb2
Q7 T`2+BbBQMX L2p2`i?2H2bb- B7 i?2 T`2+BbBQM Bb HQr2`2/ QMHv bHB;?iHv BM im`M Q7  H`;2 BM+`2b2 Q7
`2+HH UrBi? i?2 `2bmHi Q7  p2`v ;QQ/ Qp2`HH T2`7Q`KM+2V- i?Bb Bb M +imH BKT`Qp2K2Mi 7`QK
i?2 T2`bT2+iBp2 Q7 i?2 2M/@mb2`X
h?2`27Q`2- BM i?2 7QHHQrBM;- r2 BMp2biB;i2 ?Qr Qm` TT`Q+? +M #2 BKT`Qp2/ #v //BiBQMH
+HbbB}+iBQM Tbb2b bQ i?i i?2 `2+HH Q7 i?2 }MH +Hmbi2`BM; Bb BM+`2b2/X q2 i?mb BK i
`2}MBM; Qm` bi`2K +HbbB}+iBQM 7`K2rQ`F 7m`i?2` rBi? i?2 ;QH Q7  #2ii2` Qp2`HH T2`7Q`KM+2X
h?2`27Q`2- BM i?2 7QHHQrBM; irQ b2+iBQMb Q7 i?Bb T`i- r2 `2 +QM+2`M2/ rBi? i?2 7QHHQrBM; T`Q#H2K
bii2K2Mi,
3UREOHP  :Bp2M  ?B;?Hv T`2+Bb2 T`2@+Hmbi2`2/ /i bi`2K Q7 bQ+BH K2/B /Q+mK2Mi rBi?
2+? bQm`+2 /Q+mK2Mi bbB;M2/ iQ QM2 2p2Mi +Hmbi2`- r2 BK i }M/BM;  7m`i?2` +Hmbi2`BM;
B/2MiB7vBM; i?2 }MH 2p2Mi +Hmbi2`b Q7 i?2 bQm`+2 /Q+mK2MibX !
q2 `2 biBHH 7+2/ rBi? i?2 +?HH2M;2 Q7 +HbbB7vBM;  M2p2`@2M/BM; bi`2K Q7 /i BMiQ +Q``2@
bTQM/BM; 2p2MibX L2p2`i?2H2bb- /m2 iQ  T`2+2/BM; +Hmbi2`BM; bi2T- i?2 MmK#2` Q7 2H2K2Mib iQ #2
+Hmbi2`2/ Bb  HQi bKHH2`X h?Bb ?b i?2 /pMi;2 i?i H2bb +QKT`BbQMb ?p2 iQ #2 K/2- i?mb
bpBM; +QKTmiiBQMH TQr2`X h?2 T`2@+Hmbi2`BM; Q7 i?2 /i HbQ ?b i?2 #2M2}i i?i 72im`2b
r?B+? r2`2 KBbbBM; 7Q` bBM;H2 /Q+mK2Mib KB;?i #2 pBH#H2 rBi? i?2 BMi2`K2/Bi2 +Hmbi2` iQ
r?B+? i?2 /Q+mK2Mi Bb bbQ+Bi2/X h?Bb KB;?i 7+BHBii2 i?2 bbB;MK2Mi iQ i?2 }MH +Hmbi2` b
KQ`2 72im`2b 7Q` i?2 /2+BbBQM +M #2 mb2/X >Qr2p2`- i?2 MmK#2` Q7 i?2 i`;2i 2p2Mi +Hmbi2`b Bb
biBHH mMFMQrM M/ i?2 /2i2`KBMiBQM Q7 i?i MmK#2` Bb biBHH +?HH2M;BM;X "mi- b r2 rBHH b?Qr-
Qm` 7`K2rQ`F Bb +T#H2 iQ //`2bb i?2b2 +?HH2M;2b bm++2bb7mHHvX
AM i?Bb +?Ti2`- r2 BMi`Q/m+2  bi`i2;v iQ 2ti2M/ Qm` 1p2Mi@#b2/ ai`2K *HbbB}+iBQM 6`K2@
rQ`F iQ #2 mb2/ 7Q` M 2p2Mi +HbbB}+iBQM mbBM;  KmHiB@Tbb bi`i2;vX q2 rBHH b?Qr i?i
i?2 2ti2M/2/ bvbi2K Bb +T#H2 iQ ?M/H2 i?2 bK2 /Q+mK2Mi b2i r?B+? ?b #22M mb2/ 7Q` i?2
bBM;H2@Tbb TT`Q+?c i?2 `2bmHib Q7 i?Bb TT`Q+? `2 i?2`27Q`2 7mHHv +QKT`#H2 iQ i?Qb2 Q7 i?2
bBM;H2@Tbb bi`i2;vX AM //BiBQM iQ i?i- r2 rBHH b?Qr i?i i?2 b+H#BHBiv M/ T2`7Q`KM+2 Q7
i?2 +HbbB}+iBQM bvbi2K Bb #2ii2` r?2M mbBM; irQ Tbb2bX AM ;2M2`H-  i?2Q`2iB+HHv mMHBKBi2/
MmK#2` Q7 Tbb2b Bb TQbbB#H2 M/ r2 rBHH T`2b2Mi M Qp2`pB2r QM ?Qr i?Bb +M #2 `2HBx2/X Gi2`-




b H`2/v bii2/ BM a2+iBQM 8XR- r2 pB2r i?2 T`Q#H2K Q7 2p2Mi /2i2+iBQM BM bQ+BH K2/B b 
bmT2`pBb2/ +HbbB}+iBQM T`Q#H2K r?2`2 i?2 mM/2`HvBM; bBKBH`Biv 7mM+iBQM M/ Qi?2` +Hmbi2`BM;
H;Q`Bi?K T`K2i2`b `2 QTiBKBx2/ mbBM; H#2H2/ /iX .QBM;  `2+Hmbi2`BM; Q7 M BMi2`K2/Bi2
+Hmbi2`BM; Bb +imHHv MQi /Bz2`2Mi iQ i?2 ibF Q7 +Hmbi2`BM; i?2 Q`B;BMH /Q+mK2MibX h?2 T`Q/m+2/
b2i Q7 BMi2`K2/Bi2 +Hmbi2`b +M #2 ?M/H2/ b B7 Bi r2`2 b2ib Q7 /Q+mK2MibX *QMb2[m2MiHv- i?2
T`Q#H2K r2 `2 7+BM; BM i?Bb +?Ti2` +imHHv bivb i?2 bK2X
AMbi2/ Q7  b2i Q7 /Q+mK2Mib D- i?2 BMTmi Q7 Qm` 7`K2rQ`F Bb  T`2@+Hmbi2`2/ b2i Q7 DX q2
+HH bm+?  T`2@+Hmbi2`2/ b2i M BMi2`K2/Bi2 +Hmbi2`BM; M/ /2MQi2 Bi #v CιX AM MHQ;v iQ Qm`
T`Q#H2K BM i?2 T`2pBQmb T`i- r2 biBHH M22/  7mM+iBQM at r?B+? bbB;Mb i?2 BMi2`K2/Bi2 2p2Mi
c ∈ Cι iQ QM2 Q7 i?2 M2rHv +`2i2/ 2p2Mi +Hmbi2`b Eν i iBK2 tX h?Bb 7mM+iBQM Bb /2}M2/ b
7QHHQrBM;,
at : Cι → Eνt UdXRV
h?2 M2r 2p2Mib Eν `2 +QMbB/2`2/ iQ #2 i?2 `2bmHiBM; +Hmbi2`bX h?2b2 +Hmbi2`b +M i?2M ;BM
#2 mb2/ b bi`iBM; TQBMi bQ i?i Cι = Eν X +imHHv- i?2 7mM+iBQM at +M #2 2t2+mi2/ `2+m`bBp2Hv
mMiBH i?2 /2bB`2/ ;`MmH`Biv Q7 +Hmbi2`b Bb `2+?2/X AM 2+? bi2T i?2 MmK#2` Q7 M2rHv +`2i2/
2p2Mib Bb mMFMQrM- M/ r2 i?mb /2T2M/ QM  bBKBH`Biv 7mM+iBQM simX q2 F22T i?2 bBKBH`Biv
7mM+iBQM iQ #2 H2`M2/ bBKBH` iQ i?2 QM2 mb2/ BM i?2 bBM;H2@Tbb b+2M`BQ Ub22 1[miBQM U8XjVV,
sim : Cι × Eν → [0..1] UdXkV
.2T2M/BM; QM i?2 pHm2 sim M/  i?2`27`QK /2/m+2/ 72im`2 p2+iQ` v⃗new(c)- r2 /2+B/2 r?2i?2`
 M2r 2p2Mi Bb +`2i2/ Q` B7 i?2 7mM+iBQM sim bbB;Mb i?2 BMi2`K2/Bi2 2p2Mi +Hmbi2`b iQ i?2 2p2Mi
+Hmbi2` eν #v KtBKBxBM; i?2 bBKBH`Biv,




h?2 bBKBH`Biv #2ir22M M 2p2Mi +Hmbi2` c Q7 i?2 BMi2`K2/Bi2 b2i Cι M/  +Hmbi2` eν Q7 i?2 M2r
2p2Mi b2i Enu Bb +H+mHi2/ mbBM; i?2 7QHHQrBM; HBM2` KQ/2H,
'HƓQLWLRQ ě 6LPLODULW\ IXQFWLRQ
sim(c, eν) = w⃗ · v⃗sim(c, eν) UdX9V

&KDSWHU  6\VWHP 'HVFULSWLRQ RI WKH 6WUHDP &ODVVLƓFDWLRQ )UDPHZRUN IRU D 0XOWL3DVV 6HWWLQJ



























Event Clusters Co ∈ Eνt
New Event Decision
)LJXUH  2YHUYLHZ RI WKH HYHQW FOXVWHULQJ IUDPHZRUN V\VWHP XVLQJ PXOWLSOH SDVVHV
;BM- i?2 H`2/v FMQrM 72im`2b HBF2 iBK2- HQ+iBQM- i;b- 2i+X `2 mb2/ rBi? i?2 bK2 bBKTH2
bBKBH`Biv K2bm`2b 7Q` i?2 /Bz2`2Mi /BK2MbBQMb Q7 i?2 p2+iQ` v⃗simX b i?2 ibF `2KBMb iQ
QTiBKBx2 i?2 r2B;?i p2+iQ` w⃗- r2 b22 i?i i?2 TT`Q+? Bib2H7 /Q2b MQi +?M;2 M/ i?2 QMHv
/Bz2`2M+2 Bb i?2 BMBiBH Bi2K b2i Cι iQ #2 mb2/X
h?2 KBM T`Q#H2K Bb b?B7i2/ iQr`/b i?2 [m2biBQM i r?i TQbBiBQM BM i?2 +HbbB}+iBQM T`Q+2bb
r2 +M bi`i rBi? i?2 M2ti TbbX AM  bi`2K b2iiBM; Bi Bb MQi TQbbB#H2 iQ rBi mMiBH i?2 }`bi
+HbbB}+iBQM Tbb ?b #22M }MBb?2/- b i?Bb rBHH M2p2` #2 i?2 +b2 BM  bi`2K /i b2iiBM;X
6Q`imMi2Hv- Bi Bb MQi M2+2bb`BHv M22/2/ i?i i?2 r?QH2 b2i ?b #22M +Hmbi2`2/ #27Q`2 i?2 M2ti
+HbbB}+iBQM Tbb +M #2 bi`i2/X b i?2 /i Bb Q`/2`2/ #v iBK2- i?2 BMi2`K2/Bi2 2p2Mi
b2i +QmH/ #2 ?M/2/ Qp2` iQ i?2 M2ti Tbb B7 i?2 iBK2biKT Q7 i?2 +m``2Mi /i TQBMi BM i?2
+HbbB}+iBQM T`Q+2bb ?b Tbb2/  +2`iBM TQBMi BM iBK2X M Hi2`MiBp2 iQ i?Bb Bb iQ HHQr
i?2 b?B7i Q7 i?2 BMi2`K2/Bi2 2p2Mi b2i iQ i?2 M2ti Tbb 7i2`  }t2/ MmK#2` Q7 /i Bi2Kb
T`Q+2bb2/X
 6\VWHP 2YHUYLHZ
AM i?Bb b2+iBQM r2 /2b+`B#2 ?Qr M/ BM r?B+? rvb Qm` 7`K2rQ`F +M #2 mb2/ BM  KmHiB@Tbb
b2iiBM;X h?2 }`bi TQbbB#BHBiv Bb iQ mb2 i?2 7`K2rQ`F BM  +b+/2/ KQ/2 b b?QrM BM 6B;m`2
dXRX
Pm` bvbi2K T`Q+2bb2b M BM+QKBM; /i bi`2K Q7 /Q+mK2Mib D BM b2p2`H bi2Tb bi`iBM; rBi? i?2
T`Q+2bb H`2/v /2b+`B#2/ 7Q` i?2 bBM;H2@Tbb KQ/2- rBi? i?2 /Bz2`2M+2 i?i i?2`2 Bb  iBK2@#b2/
+QMbi`BMiX AM /2iBH- bm+?  +b+/2/ bvbi2K rQ`Fb b 7QHHQrb,

 0XOWLSDVV 5HTXLUHPHQWV DQG &KDOOHQJHV
RX 1+? /Q+mK2Mi d ∈ D Bb T`Q+2bb2/ mbBM; i?2 +M/B/i2 `2i`B2pH- b+Q`BM; M/ `MFBM;- M2r
2p2Mi /2+BbBQM- b r2HH b 2p2Mi +HbbB}+iBQM bi2TbX h?Bb T`Q+2bb `mMb BM}MBi2Hv T`Q+2bbBM;
i?2 /Q+mK2Mi BM iBK2Hv@Q`/2`2/ KMM2` b T`QpB/2/ #v i?2 /i bi`2KX
kX A7  +2`iBM iBK2@#b2/ +`Bi2`B Bb 7mH}HH2/-  bMTb?Qi Q7 i?2 2p2Mi /i#b2 Q7 i?2 }`bi
T`Q+2bbBM; bi2T Bb iF2MX HH i?2 2p2Mib i  bT2+B}+ iBK2 t `2 //2/ iQ i?2 BMTmi ++?2
Cι Q7 i?2 b2+QM/ T`Q+2bb +?BMX h?2 +QTB2/ 2p2Mib Cι ∈ Et `2 i?2M /2H2i2/ BM i?2 }`bi
2p2Mi /ib2i bQ i?i E = ∅X
jX h?2 b2+QM/ +Hmbi2`BM; T`Q+2bb bi`ib r?2M i?2 }`bi T`2@+Hmbi2`2/ 2p2Mi b2ib `2 //2/ iQ
i?2 Bi2K [m2m2 Cι Q7 i?2 b2+QM/ T`Q+2bbX 1+? +Hmbi2` c ∈ Cι Bb i?2M T`Q+2bb2/ BM iBK2Hv
Q`/2` mbBM; ;BM i?2 bBM;H2 bi2Tb Q7 i?2 T`Q+2bb U+M/B/i2 `2i`B2pH- b+Q`BM; M/ `MFBM;-
2i+XVX
9X b KMv +Hmbi2`BM; Tbb2b b /2bB`2/ +M #2 //2/ `2T2iBM; bi2Tb k M/ jX
M Hi2`MiBp2 b2iiBM; Bb iQ mb2  /Bz2`2Mi +Hmbi2`BM; bi`i2;v iQ T`Q/m+2 i?2 BMi2`K2/Bi2 2p2Mi
+Hmbi2`bX Mv +Hmbi2`BM; bi`i2;v +M #2 mb2/ iQ +?B2p2 i?Bb BMi2`K2/Bi2 +Hmbi2`BM; b HQM; b
Bi +M #2 mb2/ BM  bi`2K /i b2iiBM;X 6Q` 2tKTH2- Bi rQmH/ #2 TQbbB#H2 iQ /2Hv i?2 /i
bi`2K #v QM2 /v M/ +Hmbi2` i?2 /Q+mK2Mib rBi?BM i?i /v #v mb2`X h?2M i?Bb BMi2`K2/Bi2
+Hmbi2`BM; +QmH/ #2 ;Bp2M iQ i?2 +HbbB}+iBQM bvbi2KX
h?2 //BM; Q7 //BiBQMH Tbb2b iQ i?2 +Hmbi2`BM; T`Q+2bb rBi? Qm` 7`K2rQ`F KF2b b2Mb2 b
HQM; b i?2 T`2+BbBQM Q7 i?2 `2bmHiBM; +Hmbi2`BM; Bb bm{+B2MiHv ?B;?X h?Bb HHQrb 7Q` M BM+`2b2
BM `2+HHX
 0XOWLSDVV 5HTXLUHPHQWV DQG &KDOOHQJHV
lbBM;  KmHiB@Tbb bi`i2;v- i?2`2 `2 bQK2 `2[mB`2K2Mib M/ +?HH2M;2b r?B+? r2 M22/ iQ Tv
ii2MiBQM iQ, BV +?B2p2K2Mi Q7  #2ii2` Qp2`HH T2`7Q`KM+2- BBV F22TBM; i?2 bvbi2K b+H#H2-
M/ BBBV biB+FBM; iQ  bi`2K T`/B;KX Pm` ;QH Bb iQ }M/  bmBi#H2 bi`i2;v r?B+? 7mH}HHb HH
i?2b2 +`Bi2`BX
h?2 +?HH2M;2 iQ +?B2p2  #2ii2` Qp2`HH +Hmbi2`BM; T2`7Q`KM+2 BM +QKT`BbQM iQ i?2 bBM;H2@
Tbb bi`i2;v /2T2M/b QM /Bz2`2Mi 7+iQ`bX AM ;2M2`H i?2 72im`2b mb2/ 7Q` i?2 +HbbB}+iBQM
T`Q+2bb Kmbi HHQr 7Q`  #2ii2` +Hmbi2`BM;X :Bp2M i?i i?Bb Bb i?2 +b2-  #2ii2` T2`7Q`KM+2
+M #2 `2+?2/ B7 i?2 BMi2`K2/Bi2 +Hmbi2`BM; Q7  T`2pBQmb Tbb Bb Tm`2 2MQm;? HHQrBM; 7Q` 
7m`i?2` K2`;BM; Q7 i?2 BMi2`K2/Bi2 2p2Mi +Hmbi2`b rBi?Qmi  iQQ ;`2i 2``Q` `i2X h?mb- r2
KBMHv /2T2M/ QM i?2 BMi2`K2/Bi2 +Hmbi2`BM; +`2i2/ BM  T`2pBQmb +HbbB}+iBQM TbbX A7 i?Bb
+Hmbi2`BM; /Q2b MQi T`QpB/2  `2bQM#H2 bi`iBM; TQBMi-  #2ii2` +Hmbi2`BM; Bb ?`/ iQ +?B2p2X AM
;2M2`H-  T`2pBQmb +Hmbi2`BM; 2M`B+?2b i?2 M2rHv +`2i2/ bBM;H2 /i TQBMib rBi? KQ`2 +QM/2Mb2/
BM7Q`KiBQMX h?2`27Q`2- BM Qm` +b2- Bi b?HH #2 TQbbB#H2 iQ `2+?  bB;MB}+MiHv #2ii2` Qp2`HH
`2bmHi b i?2 BMi2`K2/Bi2 +Hmbi2`b T`Q/m+2/ #v Qm` bBM;H2@Tbb bi`i2;v M/ b2p2`H #b2HBM2 `2
Q7 ?B;? T`2+BbBQMX

&KDSWHU  6\VWHP 'HVFULSWLRQ RI WKH 6WUHDP &ODVVLƓFDWLRQ )UDPHZRUN IRU D 0XOWL3DVV 6HWWLQJ
a+H#BHBiv Bb biBHH +`m+BH 7Q`  bvbi2K i+FHBM; i?2 T`Q#H2K Q7 +Hmbi2`BM; `2H@rQ`H/ bQ+BH K2/B
/iX h?2 mb2 Q7 KmHiBTH2 Tbb2b Bb BMbQ7` T`Q#H2KiB+ b 2p2`v Tbb M22/b +QKTmiiBQMH TQr2`X
*QMb2[m2MiHv- i?2 b+H#BHBiv Bb HQr2` rBi? 2+? Tbb r?B+? Bb //2/ iQ i?2 +Hmbi2`BM; T`Q+2bbX q2
+M +QT2 rBi? i?Bb Bbbm2 #v 2Mbm`BM; i?i i?2 bBM;H2 Tbb2b +M #2 /QM2 2{+B2MiHvX h?2`27Q`2-
QM2 bi`i2;v iQ i+FH2 i?2 b+H#BHBiv +?HH2M;2 Bb iQ mb2 +HbbB}+iBQM i2+?MB[m2b HHQrBM; iQ
T`Q/m+2  +Q`b2 +Hmbi2`BM; p2`v [mB+FHv b  }`bi TbbX 7i2` i?i- MQi?2` Tbb Bb mb2/ iQ
+HbbB7v i?2 BMi2`K2/Bi2 2p2Mi +Hmbi2` b2i Ur?B+? Q#pBQmbHv Bb bKHH2`V KQ`2 i?Q`Qm;?HvX
aiB+FBM; iQ i?2 bi`2K@#b2/ TT`Q+? Bb  +`m+BH bT2+i #2+mb2 Q7 i?2 bi`2K@#b2/ Mim`2 Q7
i?2 /iX h?2 mb;2 Q7 TT`Q+?2b 7Q` i?2 +Hmbi2`BM; T`Q+2bb Bb i?mb HBKBi2/ iQ i2+?MB[m2b r?B+?
HHQr iQ T`Q+2bb /i BM  bi`2K@#b2/ KMM2`X >Qr2p2`- r2 `2 r`2 i?i  bi`2K@#b2/
+HbbB}+iBQM BM `2H@iBK2 Bb QMHv TQbbB#H2 mbBM; QM2 bBM;H2 TbbX L2p2`i?2H2bb- Bi Bb TQbbB#H2 iQ
mb2 KQ`2 i?M QM2 Tbb B7 /i Bi2Kb `2 ++?2/ 7Q`  p2`v b?Q`i T2`BQ/ Q7 iBK2X q?B+? ++?BM;
iBK2 Bb ++2Ti#H2 /2T2M/b QM i?2 BMi2M/2/ Tm`TQb2X
A/2HHv-  KmHiB@Tbb bi`i2;v- BV mb2b b 72r Tbb2b b TQbbB#H2- BBV }M/b  rv iQ BM+`2b2 `2+HH
r?BH2 F22TBM;  ?B;? T`2+BbBQM- BBBV Bb 7bi2` i?M  bBM;H2@Tbb bi`i2;v- M/ BpV }M/b  ++?BM;
bi`i2;v r?B+? Bb ++2Ti#H2 7Q` i?2 ibFX
 1XPEHU RI 3DVVHV
h?2 MmK#2` Q7 Tbb2b /Q2b MQi QMHv BM~m2M+2 b+H#BHBiv- #mi HbQ i?2 rv  KmHiB@Tbb bvbi2K
+M #2 i`BM2/X +imHHv- i?2 +HbbB}2`b mb2/ BM 2+? Tbb ?p2 iQ #2 i`BM2/ rBi?  i`BMBM;
b2i /Ti2/ iQ i?i TbbX h?2 +`Bi2`B #b2/ QM r?B+? i?2 /i +M #2 +HbbB}2/ +?M;2b BM
2+? TbbX q2 i?mb M22/ iQ i`BM /Bz2`2Mi KQ/2Hb bQ i?i i?2v bmBi i?2 +imH +HbbB}+iBQM
bBimiBQMX
:2iiBM; ;QQ/ M/ bmBi#H2 i`BMBM; /i ;2ib KQ`2 /B{+mHi rBi? 2+? TbbX h?2 `2bQM 7Q` i?Bb
HB2b BM i?2 UmMrMi2/V MQBb2 r?B+? Q++m`b rBi? 2p2`v +Hmbi2`BM; TbbX Ai ?b iQ #2 iF2M BMiQ
++QmMi i?i i?2 MQBb2 T`Q/m+2/ BM  T`2pBQmb bi2T ?b HbQ BM~m2M+2 QM i?2 i`BMBM; Q7 i?2
+HbbB}+iBQM KQ/2H BM i?2 +m``2Mi TbbX Ai Bb MQi TQbbB#H2 iQ mb2 QMHv +H2M i`BMBM; /i 7Q`
2p2`v Tbb b i?Bb /Q2b MQi `2~2+i i?2 +imH bBimiBQM BM i?2 Tbb M/ 2p2MimHHv H2/b iQ  #/
[mHBiv Q7 i?2 Qp2`HH +HbbB}+iBQM T`Q+2bbX h?2`27Q`2- Bi Bb Qm` BK iQ HBKBi i?2 iQiH MmK#2`
Q7 Tbb2b iQ irQX
 ,QIOXHQFH RQ )UDPHZRUN 6HWWLQJV
b r2 ?p2 /Bb+mbb2/ #Qp2- i?2 i`BMBM; /i 7Q` i?2 +HbbB}2`b BM i?2 /Bz2`2Mi Tbb2b p`B2bX
HbQ- i?2 b2iiBM;b Q7 /Bz2`2Mi bi2Tb Q7 Qm` +Hmbi2`BM; 7`K2rQ`F ?p2 iQ #2 `2/Dmbi2/ bQ i?i
i?2v `2 QTiBKBx2/ 7Q` 2+? TbbX aQ- r2 ?p2 iQ HQQF ;BM i HH i?`22 bi2Tb Q7 Qm` 7`K2rQ`F,
+M/B/i2 `2i`B2pH- b+Q`BM; M/ `MFBM;- M/ M2r 2p2Mi /2i2+iBQMX Ai ?b iQ #2 /2i2`KBM2/
r?2i?2` i?2 b2iiBM;b +?Qb2M 7Q` i?2 HH Q7 i?2b2 BM i?2 bBM;H2@Tbb bi`i2;v +M #2 /QTi2/ Q` B7




b rBi? i?2 bBM;H2 bi`i2;v- r2 F22T i?2 +M/B/i2 `2i`B2pH bi2T iQ 2Mbm`2  b+H#BHBiv Q7 i?2
Qp2`HH bvbi2KX q2 iF2  HQQF i i?2 KQbi T`QKBbBM; +M/B/i2 `2i`B2pH bi`i2;B2b M/ +QKT`2
i?2K `2;`/BM; i?2B` 2z2+iBp2M2bb b /2}M2/ BM 2[miBQM U8X8VX AM T`iB+mH`- i?2 bi`i2;B2b
+QKT`2/ `2 i?2 7QHHQrBM; QM2b,
RX F@M2`2bi #v +Tim`2 iBK2, "v mbBM; i?Bb bi`i2;v- r2 `2i`B2p2 i?Qb2 k 2p2Mib rBi? i?2
HQr2bi i2KTQ`H /BbiM+2 iQ i?2 /Q+mK2MiX 6Q` i?Bb- r2 Q`/2` HH 2p2Mib ei BM i?2 2p2Mi
/i#b2 #v ∆(iBK2(d), iBK2(ei)) M/ i?2M `2im`M i?2 iQT k 2p2Mib BM i?Bb Q`/2`2/ HBbiX
kX F@M2`2bi #v mTHQ/ iBK2, q2 7QHHQr i?2 bK2 bi`i2;v b BM F@M2`2bi #v +Tim`2 iBK2
#mi mb2 i?2 mTHQ/ iBK2biKTbX
jX h;@h6A.6, q2 b+Q`2 2+? 2p2Mi #v bmKKBM; mT i?2 h6@A.6 pHm2b Q7 2p2`v i; r?B+?
i?2 /Q+mK2Mi M/ i?2 2p2Mi b?`2 M/ `2im`M k 2p2Mib ?pBM; i?2 ?B;?2bi b+Q`2bX
6FRULQJ DQG 5DQNLQJ1HZ (YHQW 'HWHFWLRQ
6Q` i?2 b+Q`BM; M/ `MFBM; bi2T- r2 H2`M i?2 HBF2HB?QQ/ P (eν |c) i?i M BMi2`K2/Bi2 2p2Mi
+Hmbi2` c #2HQM;b iQ  ;Bp2M }MH 2p2Mi +Hmbi2` eν X h?Bb HBF2HB?QQ/ Bb +QKTmi2/ mbBM;  +HbbB}@
+iBQM H;Q`Bi?KX b i?2 /Bz2`2Mi ivT2b Q7 amTTQ`i o2+iQ` J+?BM2b ?p2 #22M b?QrM iQ rQ`F
[mBi2 bBKBH`- r2 QMHv +QKT`2  biM/`/ aoJ iQ .2+BbBQM h`22bX h?2 T`Q##BHBiv Bb +H+mHi2/
mbBM; i?2 /BbiM+2 iQ i?2 /2+BbBQM #QmM/`v r?2M mbBM;  aoJX h?2 /2+BbBQM i`22 T`Q##BHBiv
2biBKi2b `2  +H+mHiBQM 7`QK i?2 +Hbb 7`2[m2M+B2b i i?2 H2p2bX h?2 T`Q#H2K 7Q`KmHiBQMb
mbBM; #Qi? +HbbB}2`b `2 i?2 bK2 b ;Bp2M BM a2+iBQM 8X8X
6Q` i?2 M2r 2p2Mi /2i2+iBQM- r2 mb2  +HbbB}2` 7Q` i?2 /2+BbBQM r?2i?2` M BMi2`K2/Bi2 2p2Mi
+Hmbi2` #2HQM;b iQ M 2tBbiBM; }MH 2p2Mi +Hmbi2` Q` B7  M2r }MH 2p2Mi ?b iQ #2 +`2i2/X >2`2-
r2 HbQ 2KTHQv  biM/`/ amTTQ`i o2+iQ` J+?BM2X b r2 ?p2 /Bb+Qp2`2/ i?2 #2bi 72im`2b 7Q`
bm+?  /2+BbBQM BM a2+iBQM eX9- r2 /QTi i?2b2 72im`2b 7Q` i?2 /2+BbBQM KQ/2H BM i?2 KmHiB@Tbb
b2iiBM;X h?2`27Q`2- i?2 72im`2 p2+iQ` v⃗new(c) mb2/ 7Q` i?2 M2r 2p2Mi /2i2+iBQM /2+BbBQM 7Q` 2+?









AM i?Bb b2+iBQM r2 /Bb+mbb /Bz2`2Mi bi`i2;B2b 7Q` 2ti2M/BM; Qm` +Hmbi2`BM; 7`K2rQ`F iQ  KmHiB@
Tbb b2iiBM;X b r2 ?p2 /2b+`B#2/ #27Q`2- r2 HBKBi i?2 MmK#2` Q7 Tbb2b iQ irQ BM Q`/2`
iQ #2 #H2 iQ T`Q/m+2 i`BMBM; /i 7Q` 2+? Tbb r?B+? Bb biBHH Q7 ;QQ/ 2MQm;? [mHBiv M/

&KDSWHU  6\VWHP 'HVFULSWLRQ RI WKH 6WUHDP &ODVVLƓFDWLRQ )UDPHZRUN IRU D 0XOWL3DVV 6HWWLQJ
i?mb ++2Ti#H2 7Q` i?2 i`BMBM; Q7  +HbbB}2`X h?mb- Qm` T`Q+2bb rBHH +QMbBbi Q7 irQ Tbb2bX
*QMb2[m2MiHv- r2 ?p2 iQ 2tKBM2 r?B+? bi`i2;v rQ`Fb r2HH 7Q` i?2 irQ Tbb2bX
q2 iF2  HQQF i b2p2`H bi`i2;B2b Hi2`BM; i?2 }`bi Tbb- BX 2X i?2 T`2@+Hmbi2`BM; bi2TX AM
T`BM+BTH2- b r2 ?p2 b?QrM BM i?2 T`2pBQmb b2+iBQM- i?2 7`K2rQ`F Bb +T#H2 iQ mb2 Mv T`2@
+Hmbi2`2/ Bi2K b2i b HQM; b i?2 /i bi`m+im`2 Ki+?2b i?2 QM2 Q7 i?2 Q`B;BMH /Q+mK2Mi b2iX
AM T`iB+mH` r2 2tKBM2 i?2 7QHHQrBM; bi`i2;B2b 7Q` i?2 }`bi Tbb BM i2`Kb Q7 [mHBiv M/
T2`7Q`KM+2,
RX LQ`KHS`2+Hmbi2`BM;, h?Bb bi`i2;v mb2b  bBM;H2@Tbb T`2@+Hmbi2`BM; b r2 ?p2 T`2@
b2Mi2/ BM S`i AAX h?2 BMi2`K2/Bi2 2p2Mi +Hmbi2` Bb KQp2/ iQ i?2 b2+QM/ +Hmbi2`BM; B7 Bi
Bb MQi `2im`M2/ #v i?2 +M/B/i2 `2i`B2pH bi2T i i?2 ``BpH Q7  M2r /Q+mK2MiX h?2
/2Hv +mb2/ #v i?Bb bi`i2;v Bb p`B#H2 /2T2M/BM; QM i?2 iBK2@#b2/ /2MbBiv Q7 i?2 2p2Mi
+Hmbi2`bX h?2`27Q`2- i?2 BMBiBH +Hmbi2`BM; [mHBiv BM i2`Kb Q7 6@K2bm`2 Bb yX33eX
kX LQ`KHS`2+Hmbi2`BM;"v.v, AM i?Bb bi`i2;v r2 2bb2MiBHHv /Q i?2 bK2 b BM i?2 }`bi
bi`i2;v rBi? i?2 /Bz2`2M+2 i?i i?2 +Hmbi2`b `2 KQp2/ iQ i?2 b2+QM/ +Hmbi2`BM; T`Q+2bb
/v@rBb2X A7  /Q+mK2Mi ``Bp2b BM i?2 +Hmbi2`BM; T`Q+2bb ?pBM;  /Bz2`2Mi mTHQ/ /v
i?M i?2 T`2pBQmb /Q+mK2Mib- i?2 2p2Mi b2i Bb 2KTiB2/ 7Q` i?2 }`bi +Hmbi2`BM; Tbb M/ i?2
2p2Mi +Hmbi2` Q7 i?2 QH/ /v `2 Tbb2/ iQ i?2 b2+QM/ TbbX h?Bb HBKBib i?2 2p2Mi H2M;i? BM
i?2 }`bi Tbb +Hmbi2`BM; iQ k9 ?Qm`bX
jX aBKTH2lb2`.vS`2+Hmbi2`BM;, h?2 /ib2i Bb +Hmbi2`2/ #v mb2` M/ /vX h?Bb Bb  p2`v
+?2T QT2`iBQM r?B+? +M #2 /QM2 p2`v 2{+B2MiHv mbBM; M BM/2t2/ bi`m+im`2X b BM i?2
T`2pBQmb bi`i2;v- i?2 +Hmbi2`b T`Q/m+2/ `2 i?2M ;Bp2M iQ i?2 b2+QM/ Tbb /v@rBb2X h?2
2p2Mi H2M;i? Bb i?2`27Q`2 HbQ HBKBi2/ iQ k9 ?Qm`bX
AM 2p2`v irQ@Tbb b2iiBM;- i?2 b2+QM/ Tbb Hrvb mb2b Qm` Q`B;BMH +HbbB}+iBQM bi`i2;v b mb2/
BM i?2 bBM;H2@Tbb b2iiBM;X "mi- i?2 T`K2i2`b Q7 i?2 bBM;H2 bi2Tb `2 /Dmbi2/X h?Bb b2+QM/
Tbb Bb i?2M 72/ rBi? i?2 +Hmbi2`BM; Qmi+QK2 Q7 i?2 #27Q`2@K2MiBQM2/ bi`i2;B2bX
q2 `2 MQi QMHv BMi2`2bi2/ BM i?2 +Hmbi2` [mHBiv #mi HbQ rMi iQ FMQr ?Qr b+H#H2 i?2 TT`Q+?
BbX b  K2bm`2 r2 mb2 i?2 iBK2 M22/2/ #v i?2 bBM;H2@Tbb bi`i2;v b  #b2HBM2X q2 b2i i?Bb
iBK2 b  `272`2M+2 M/ `2TQ`i i?2 /Bz2`2M+2 7Q` 2+? Q7 Qm` irQ@Tbb bi`i2;B2bX

&+$37(5 
([SHULPHQWDO 6HWXS DQG 5HVXOWV RI
6XSHUYLVHG 0XOWL3DVV &OXVWHULQJ
AM i?2 T`2pBQmb +?Ti2` r2 ?p2 T`QTQb2/ /Bz2`2Mi bi`i2;B2b QM ?Qr Qm` bmT2`pBb2/ +HbbB}+iBQM
bvbi2K +M #2 mb2/ BM  KmHiB@Tbb b2iiBM;X AM i?Bb +?Ti2` r2 T`2b2Mi i?2 2tT2`BK2MiH b2imT
Q7 i?2 bmT2`pBb2/ KmHiB@Tbb +HbbB}+iBQM TT`Q+?2b M/ i?2 QTiBKBxiBQM Q7 i?2 bBM;H2 bi2Tb
Q7 i?2 +Hmbi2`BM; 7`K2rQ`FX q2 +QM+Hm/2 i?2 +?Ti2` rBi? i?2 T`2b2MiiBQM Q7 i?2 KmHiB@Tbb
+Hmbi2`BM; `2bmHibX
1p2M i?Qm;? Qm` +HbbB}+iBQM 7`K2rQ`F +M #2 mb2/ rBi?  i?2Q`2iB+HHv mMHBKBi2/ MmK#2`
Q7 Tbb2b- r2 ?p2 H`2/v /2+B/2/ QM i?2 MmK#2` Q7 Tbb2b 7i2` +`27mH +QMbB/2`iBQM iQ #2
irQX h?2 KBM `2bQM 7Q` i?Bb Bb i?2 +?HH2M;2 iQ ;2M2`i2  bmBi#H2 i`BMBM; b2i 7Q` 2+? TbbX
b i?2 T`2+BbBQM BM 2+? Tbb Bb mM2[mH iQ RyyW M/ i?2 T`2+BbBQM rBHH /2+`2b2 rBi? 2+?
//BiBQMH Tbb- Bi Bb mMHBF2Hv i?i i?2 i`BMBM; /i ;2M2`i2/ 7Q`  i?B`/ Tbb Q` KQ`2 `2 biBHH
;QQ/ 2MQm;? iQ BM+`2b2 i?2 Qp2`HH +Hmbi2`BM; [mHBiv bB;MB}+MiHvX b  +QMb2[m2M+2- HH Qm`
2tT2`BK2Mib T`2b2Mi2/ BM i?Bb b2+iBQM `2 +QM/m+i2/ mbBM; irQ Tbb2bX
AM ;2M2`H- Qm` 7Q+mb BM i?Bb +?Ti2` Bb QM i?2 b2+QM/ TbbX h?2 `2bmHib Q7 i?2 }`bi Tbb ?p2 #22M
/Bb+mbb2/ BM /2iBH BM *?Ti2` eX L2p2`i?2H2bb- r2 bi`i i?Bb +?Ti2` rBi?  /Bb+mbbBQM Q7 i?2
/Bz2`2Mi }`bi@Tbb bi`i2;B2b T`QTQb2/ BM a2+iBQM dX9- ;BpBM; M Qp2`pB2r Q7 i?2 BMBiBH bBimiBQM
r?2M bi`iBM; rBi? i?2 b2+QM/ TbbX
 $QDO\VLV RI )LUVW3DVV 6WUDWHJLHV
lbBM; irQ Tbb2b BMpQHp2b i?2 mM+2`iBMiv Q7 r?B+? bi`i2;v iQ 7QHHQr BM Q`/2` iQ ;BM i?2
KtBKmK BM i2`Kb Q7 +Hmbi2`BM; [mHBiv M/ T2`7Q`KM+2X h?2 T`Q#H2K Bb iQ }M/  }`bi@Tbb
bi`i2;v r?B+? Bb QTiBKBx2/ BM irQ rvb, BV ;QQ/ #bBb 7Q` 7m`i?2` K2`;BM;- M/ BBV 2{+B2M+vX 
;QQ/ bi`iBM; TQBMi 7Q` 7m`i?2` K2`;BM; Bb ;Bp2M B7 i?2 BMi2`K2/Bi2 +Hmbi2`BM; +QMiBMb p2`v Tm`2
+Hmbi2`b- i?mb ?pBM; i?2 MQBb2 `2/m+2/ iQ  KBMBKmK rBi?BM HH +Hmbi2`bX AM //BiBQM iQ i?i-
i?2`2 ?b iQ #2 i H2bi QM2 72im`2 H27i r?B+? Bb biBHH /Bb+`BKBMiBp2 2MQm;? iQ HHQr  /2+BbBQM
/m`BM;  7m`i?2` K2`;BM;X

&KDSWHU  ([SHULPHQWDO 6HWXS DQG 5HVXOWV RI 6XSHUYLVHG 0XOWL3DVV &OXVWHULQJ
7DEOH  5HVXOWV IRU LQWHUPHGLDWH FOXVWHULQJ XVLQJ GLIIHUHQW VWUDWHJLHV IRU WKH ILUVW SDVV
J2i?Q/ 61@J2bm`2 S`2+BbBQM _2+HH hBK2 *QMbmKTiBQM
LQ`KHS`2+Hmbi2`BM; yX33e yXN8R yX3jy RXyyyy U"b2HBM2V
LQ`KHS`2+Hmbi2`BM;"v.v yX3RR yXNNR yXe3e yXeky9 U−jd-NeWV
aBKTH2lb2`.vS`2+Hmbi2`BM; yX39k yXNNe yXdkN yXyyyd U−NNXNjWV
h?2`27Q`2- Bi Bb BKTQ`iMi 7Q` mb iQ 2tKBM2 r?i rBHH #2 i?2 BMBiBH bBimiBQM 7i2` i?2 }`bi
+Hmbi2`BM; Tbb- #27Q`2 iFBM;  HQQF i i?2 irQ@Tbb +Hmbi2`BM; b  r?QH2X h?Bb BM+Hm/2b
?Qr r2HH i?2 }`bi Tbb T2`7Q`Kb BM i2`Kb Q7 [mHBiv M/ b+H#BHBivX q2 iF2  HQQF i HH
bi`i2;B2b /2b+`B#2/ #27Q`2 BM a2+iBQM dX9 M/ MHvx2 ?Qr bmBi#H2 i?2v TT2` 7Q`  KmHiB@Tbb
+Hmbi2`BM;X
6B`bi- r2 mb2 i?2 /Bz2`2Mi }`bi@Tbb bi`i2;B2b M/ H2i i?2K +Hmbi2` i?2 i2bi b2i Q7 Qm` /ib2i
BMiQ M BMi2`K2/Bi2 b2i Q7 2p2Mi +Hmbi2`bX h?2 `2bmHib Q7 i?2b2 +Hmbi2`BM; T`Q+2bb2b `2 b?QrM BM
h#H2 3XRX "2bB/2b Q7 i?2 [mHBiv BM i2`Kb Q7 6@K2bm`2- T`2+BbBQM- M/ `2+HH- r2 HbQ `2TQ`i QM
i?2 iBK2 +QMbmKTiBQM Q7 i?2b2 }`bi@Tbb bi`i2;B2b BM `2HiBQM iQ i?2 iQiH +QKTmiiBQMH iBK2
+QMbmK2/ #v Qm` bBM;H2@Tbb +HbbB}+iBQM bi`i2;v 7Q`  +QKTH2i2 +Hmbi2`BM; Q7 i?2 i2bi b2i Q7
Qm` /ib2ic i?2 Hii2` r2 b2i iQ  pHm2 Q7 RXyX h?Bb b2`p2b b  #b2HBM2 7Q` i?2 +QKT`BbQM
Q7 i?2 +QKTmiiBQMH 2zQ`ib M22/2/ 7Q` i?2 BMi2`K2/Bi2 +Hmbi2`BM; T`Q+2bb2b b r2HH b i?2 i?2
}MH irQ@Tbb +Hmbi2`BM; T`Q+2bbX q2 `2K`F i?i i?2 LQ`KHS`2+Hmbi2`BM; bi`i2;v Ki+?2b
2t+iHv Qm` bBM;H2@Tbb bi`i2;vc i?2`27Q`2- i?2 iBK2 +QMbmKTiBQM pHm2 7Q` i?Bb bi`i2;v Bb HbQ
RXyX
h?2 K2bm`2/ `2bmHib +QM}`K i?i i?2 LQ`KHS`2+Hmbi2`BM; Bb i?2 #2bi bi`i2;v iQ T`Q/m+2 M
BMi2`K2/Bi2 +Hmbi2`BM; BM i2`Kb Q7 6@K2bm`2X h?2 irQ Qi?2` bi`i2;B2b b?Qr H2bb T2`7Q`KM+2
BM i2`Kb Q7 6@K2bm`2- #mi #Qi? bi`i2;B2b biBHH /2HBp2`  /2+2Mi pHm2X h?Bb HHQrb i?2 +QM+HmbBQM
i?i HH bi`i2;B2b +M bQHp2 i?2 +Hmbi2`BM; ibF bm++2bb7mHHvX AM //BiBQM iQ i?i- i?2 `2bmHib BM
i2`Kb Q7 T`2+BbBQM `2 p2`v ?B;? 7Q` HH bi`i2;B2bX h?2 pHm2b 7Q` i?2 LQ`KHS`2+Hmbi2`BM;"v@
.v M/ aBKTH2lb2`.vS`2+Hmbi2`BM; `2 2p2M ?B;?2` i?M NNW- +QM}`KBM; i?2 ?B;? Tm`Biv Q7
i?2 BMi2`K2/Bi2 2p2Mi +Hmbi2`b T`Q/m+2/X Ai Bb `2K`F#H2 i?i i?2 LQ`KHS`2+Hmbi2`BM;"v.v
bi`i2;v +?B2p2b i?2 H2bi T2`7Q`KM+2 #2BM; #2i2M `2;`/BM; HH K2bm`2bX h?2`27Q`2- r2 b@
bmK2 i?i aBKTH2lb2`.vS`2+Hmbi2`BM; rQmH/ #2 i?2 #2ii2` bi`i2;v iQ #2 mb2/ 7Q` T`2@+Hmbi2`BM;
BM i?2 irQ@Tbb TT`Q+?X
AM +QMi`bi iQ i?2 ;2M2`H T2`7Q`KM+2- i?2 /Bz2`2M+2b #2ir22M i?2 bi`i2;B2b `2 p2`v ?B;?
`2;`/BM; i?2 +QKTmiiBQMH iBK2 +QMbmKTiBQMX *QKT`2/ iQ i?2 LQ`KHS`2+Hmbi2`BM;- Qm`
#b2HBM2- #Qi? Qi?2` bi`i2;B2b +QMbmK2 H2bb iBK2X h?Bb Bb  ;QQ/ BMBiBH bBimiBQM r?B+? TQi2M@
iBHHv HHQrb 7Q` 7m`i?2` BKT`Qp2K2Mi Q7 i?2 Qp2`HH b+H#BHBiv r?2M mbBM; i?2b2 irQ bi`i2;B2b
BM +QMDmM+iBQM rBi? i?2 b2+QM/ TbbX Ai Bb `2K`F#H2 i?i i?2 aBKTH2lb2`.vS`2+Hmbi2`BM;
bi`i2;v Bb b2p2`H Q`/2`b Q7 K;MBim/2 7bi2` i?M Qm` biM/`/ +Hmbi2`BM;X Aib #bQHmi2 +QKTm@
iiBQMH iBK2 Bb QMHv  HBiiH2 ;`2i2` iBK2 i?M QM2 b2+QM/RX
Rh?2 mb2/ bvbi2K rb  kyRj AMi2H s2QM ky@+Q`2 bvbi2K +HQ+FBM; i kXN:>x rBi? j39:B" Q7 KBM K2KQ`vX

 *ROG 6WDQGDUG 3UHSDUDWLRQ IRU WKH 6HFRQG 3DVV
 *ROG 6WDQGDUG 3UHSDUDWLRQ IRU WKH 6HFRQG 3DVV
6Q` 2tT2`BK2Mib r2 mb2 i?2 /ib2i T`2b2Mi2/ BM *?Ti2` 9X 6Q` i?2 }`bi Tbb- b /2b+`B#2/ BM
i?2 T`2pBQmb b2+iBQM- r2 mb2/ i?2 /ib2i rBi? Bib Q`B;BMH ;QH/ biM/`/ iQ +`2i2 i?2 i`BMBM;
/iX >Qr2p2`- i?Bb Bb MQi TQbbB#H2 7Q` i?2 b2+QM/ Tbb b r2 M22/ iQ +`2i2  /Bz2`2Mi ;QH/
biM/`/ 7`QK r?B+? r2 +M +`2i2 i?2 i`BMBM; /i 7Q` i?2 b2+QM/ TbbX h?2 +`2iBQM T`Q+2bb
Q7 i?2 M2rHv M22/2/ ;QH/ biM/`/ /2T2M/b QM i?2 +Hmbi2`BM; r?B+? rb T`Q/m+2/ #v i?2 }`bi
TbbX PM2 BKTHB+iBQM Q7 i?i Bb i?i i?2 [mHBiv Q7 i?2 M2r i`BMBM; /i 7Q` i?2 b2+QM/ Tbb
Bb BM~m2M+2/ KbbBp2Hv #v i?2 [mHBiv Q7 i?2 BMi2`K2/Bi2 +Hmbi2`BM; BM i?2 }`bi TbbX AM i?2
7QHHQrBM; r2 /Bb+mbb i?Bb Bbbm2 BM KQ`2 /2iBHX 7i2` i?i- r2 /2b+`B#2 ?Qr i?2 M2r ;QH/ biM/`/
Bb +`2i2/X h?Bb ;QH/ biM/`/ Bb bmBi#H2 7Q` i?2 +`2iBQM Q7 i?2 i`BMBM; /i i?i Bb M22/2/ 7Q`
i?2 H2`MBM; Q7 i?2 +HbbB}2`b mb2/ BM i?2 b2+QM/ TbbX
 4XDOLW\ ,VVXHV LQ WKH 3UHSDUDWLRQ 3URFHVV
b H`2/v bii2/ #Qp2- i?2 +`2iBQM Q7 i?2 ;QH/ biM/`/ 7Q` i?2 b2+QM/ Tbb /Bz2`b 7`QK i?2
+`2iBQM T`Q+2bb Q7 i?2 QM2 mb2/ BM i?2 }`bi TbbX h?2 [mHBiv Q7 i?2 ;QH/ biM/`/ 7Q` i?2 b2+QM/
Tbb ?2pBHv /2T2M/b QM i?2 T`2+BbBQM Q7 i?2 BMi2`K2/Bi2 +Hmbi2`BM; T`Q/m+2/ #v i?2 }`bi@Tbb
bi`i2;vX A7 i?2 T`2+BbBQM Q7 i?2 `2bmHiBM; K2`;2 T`Q+2bb Q7 i?2 BMi2`K2/Bi2 +Hmbi2`BM; r2`2 RyyW
T`2+Bb2- i?2 ;QH/ biM/`/ T`Q/m+2/ 7Q` i?2 b2+QM/ Tbb rQmH/ #2 Q7 i?2 bK2 ?B;? [mHBiv b i?2
Q`B;BMH ;QH/ biM/`/X h?Bb BKTHB2b i?i i?2 T`2+BbBQM Q7 i?2 BMi2`K2/Bi2 +Hmbi2`BM; BM~m2M+2b
i?2 [mHBiv Q7 i?2 b2+QM/ Tbb ;QH/ biM/`/X h?2 `2bQM 7Q` i?Bb HB2b BM i?2 KQmMi Q7 MQBb2
rBi?BM i?2 +Hmbi2`b r?B+? 2p2MimHHv Q++m`b /m`BM; i?2 }`bi +Hmbi2`BM; T`Q+2bbX
G2i mb +QMbB/2`  b+2M`BQ r?2`2 i?2 }`bi +Hmbi2`BM; Tbb T`Q/m+2/ BMi2`K2/Bi2 2p2Mi +Hmbi2`b
rBi? p2`v ?B;? T`2+BbBQMěT`272`#Hv Tm`2 +Hmbi2`bX lbBM; i?2 Q`B;BMH ;QH/ biM/`/- r2 FMQr
rBi?Qmi /Qm#i iQ r?B+? }MH i`;2i 2p2Mi +Hmbi2` i?2b2 BMi2`K2/Bi2 2p2Mi +Hmbi2`b ?p2 iQ #2
bbB;M2/ iQX A7  Tm`Biv Q7 i?2 BMi2`K2/Bi2 +Hmbi2`b Bb MQi ;Bp2M M/ i?2v BM+Hm/2  HQi Q7 MQBb2
BMbi2/ U2X ;X ?pBM; /Q+mK2Mib BM i?2 BMi2`K2/Bi2 +Hmbi2`b #2HQM;BM; iQ /Bz2`2Mi +Q``2+i }MH
2p2Mi +Hmbi2`bV- r2 ?p2 iQ Mbr2` r?B+? +Q``2+i }MH 2p2Mi +Hmbi2` i?2 BMi2`K2/Bi2 +Hmbi2`
b?QmH/ #2 bbB;M2/ iQX A7 i?2`2 Bb iQQ Km+? MQBb2 BMpQHp2/ BM i?2 BMi2`K2/Bi2 +Hmbi2`BM;- i?2
/2+BbBQM QM i?2 bbB;MK2Mi iQ  +Q``2+i }MH +Hmbi2` Bb MQi TQbbB#H2 rBi?Qmi HQr2`BM; i?2 T`2+BbBQMX
AM i?i +b2-  +`2iBQM Q7  ;QQ/ i`BMBM; b2i bmBi#H2 7Q` i?2 +HbbB}2`b Bb /B{+mHiX
h?2`27Q`2- r2 BK iQ +`2i2 i?2 ;QH/ biM/`/ mbBM; /i /2`Bp2/ 7`QK M BMi2`K2/Bi2 +Hmbi2`BM;
T`Q+2bb r?B+? T`Q/m+2/ p2`v Tm`2 +Hmbi2`bX hFBM;  HQQF i i?2 `2bmHib 7Q` i?2 BMi2`K2/Bi2
+Hmbi2`BM; K2i?Q/b BM i?2 T`2pBQmb b2+iBQM- i?2 KQbi T`QKBbBM; bi`i2;v iQ #2 mb2/ 7Q` i?2 ;QH/
biM/`/ +`2iBQM Bb i?2 aBKTH2lb2`.vS`2+Hmbi2`BM; bi`i2;vX 1p2M i?Qm;? i?2 T`2+BbBQM Bb MQi
RyyW- r2 +QMbB/2` Bib NNXeW T`2+BbBQM iQ #2 ?B;? 2MQm;? iQ `2/m+2 i?2 MQBb2 iQ  KBMBKmKX
h?Bb Bb +Q``Q#Q`i2/ #v M MHvbBb Q7 i?2 BMi2`K2/Bi2 +Hmbi2` Tm`Biv b b?QrM BM i?2 `B;?i T`i
Q7 6B;m`2 3XRX
AM 6B;m`2 3XR- r2 b22 i?i NdXeW Q7 i?2 BMi2`K2/Bi2 +Hmbi2`b T`Q/m+2/ `2 Tm`2- BX 2X i?2b2
+Hmbi2`b /Q MQi +QMiBM Mv MQBb2 i HHX PMHv yX9W Q7 i?2 +Hmbi2`b +QMiBM /Q+mK2Mib 7`QK
KQ`2 i?M irQ +Q``2+i }MH 2p2Mi +Hmbi2`b- #mi i?Bb MmK#2` Bb HQr 2MQm;? iQ MQi M2;iBp2Hv

&KDSWHU  ([SHULPHQWDO 6HWXS DQG 5HVXOWV RI 6XSHUYLVHG 0XOWL3DVV &OXVWHULQJ
1 final event cluster
2 final event clusters




2 clusters are of equal size
1 cluster has majority
75.6 %
24.4 %
)LJXUH  $QDO\VLV RI ILQDO HYHQW FOXVWHUV FRQWDLQHG LQ DQ LQWHUPHGLDWH FOXVWHU
BM~m2M+2 i?2 ibFX #Qmi kW Q7 i?2 BMi2`K2/Bi2 +Hmbi2`b +QMbBbi Q7 2t+iHv irQ }MH +Q``2+i
2p2Mi +Hmbi2`bX q2 ?p2 MHvx2/ i?Bb 7m`i?2` BM i?2 H27i T`i Q7 6B;m`2 3XRX #Qmi i?`22 7Q`i?
Q7 i?2 ǳirQ@2p2MiǴ +Hmbi2`b ?p2 QM2 }MH 2p2Mi r?B+? TT2`b KQ`2 Q7i2M i?M HH i?2 Qi?2`bX
AM #Qmi k8W Q7 i?2 +b2b r2 `2 +QM7`QMi2/ rBi? i?2 bBimiBQM i?i i?2 BMi2`K2/Bi2 +Hmbi2`
+QMiBM 2t+iHv i?2 bK2 KQmMi Q7 /Q+mK2Mib 7`QK irQ /Bz2`2Mi }MH +Hmbi2`c i?Bb Bb KBMHv
i?2 +b2 7Q` BMi2`K2/Bi2 +Hmbi2`b r?2`2 irQ bBM;H2 2p2Mib ?p2 #22M K2`;2/ KBbiF2MHv iQ QM2
BMi2`K2/Bi2 2p2MiX 6`QK i?Bb MHvbBb r2 H2`M i?i KQ`2 i?M NNW Q7 i?2 BMi2`K2/Bi2 +Hmbi2`b
`2 +H2`Hv bbQ+B#H2 rBi? QM2 }MH +Q``2+i 2p2Mi +Hmbi2`X h?Bb HB+2Mb2b i?2 +QM+HmbBQM i?i i?Bb
BMi2`K2/Bi2 +Hmbi2`BM; TT`Q+? Bb bmBi#H2 7Q` i?2 +`2iBQM Q7  M2r ;QH/ biM/`/ 7Q` i?2
b2+QM/ TbbX
MQi?2` `2bQM iQ +?QQb2 i?2 aBKTH2lb2`.vS`2+Hmbi2`BM; b BMi2`K2/Bi2 +Hmbi2`BM; bi`i2;v Bb
Bib p2`v `2bQM#H2 [mHBiv BM i2`Kb Q7 6@K2bm`2X Aib 6@K2bm`2 /Q2b MQi /Bz2` bB;MB}+MiHv 7`QK
i?2 QM2b Q7 i?2 Qi?2` TT`Q+?2b T`QTQb2/X q2 #2HB2p2 i?i i?2 2p2Mi +Hmbi2`b T`Q/m+2/ #v HH
}`bi@Tbb +Hmbi2`BM; bi`i2;B2b `2 bBKBH` 2MQm;? bQ i?i i?2`2 rBHH #2 MQ bB;MB}+Mi /Bz2`2M+2b
rBi? `2bT2+i iQ i?2 irQ@Tbb +Hmbi2`BM; T`Q+2bb r?2M mbBM; Mv Q7 i?2 Qi?2` bi`i2;B2b BM i?2
}`bi Tbb- 2p2M i?Qm;? i?2 +HbbB}2`b Q7 i?2 b2+QM/ Tbb `2 i`BM2/ mbBM; i?2 ;QH/ biM/`/
#b2/ QM i?2 aBKTH2lb2`.vS`2+Hmbi2`BM; M/ MQi #v MQi?2` bi`i2;vX
 &UHDWLRQ RI WKH *ROG 6WDQGDUG IRU WKH 6HFRQG 3DVV
AMBiBHHv- i?2 i`BMBM; b2i Q7 Qm` _2a11. /ib2i Bb ;Bp2M iQ i?2 aBKTH2lb2`.vS`2+Hmbi2`BM;
bi`i2;vX h?2 Qmi+QK2 Q7 i?Bb T`Q+2bb Bb  b2i Q7 BMi2`K2/Bi2 2p2Mi +Hmbi2`bX h?2b2 BMi2`K2/Bi2
2p2Mi +Hmbi2`b `2 i?2M mb2/ 7Q` 7m`i?2` T`Q+2bbBM;X
h?2 }`bi bi2T 7i2` i?2 T`Q/m+iBQM Q7 i?2 BMi2`K2/Bi2 +Hmbi2`BM; Bb M bbB;MK2Mi T`Q+2bb
r?2`2 HH T`Q/m+2/ BMi2`K2/Bi2 2p2Mi +Hmbi2`b `2 bbB;M2/ iQ QM2 Q7 i?2 Q`B;BMH 2p2Mi +Hmbi2`b
b /2}M2/ BM i?2 Q`B;BMH ;QH/ biM/`/X h?Bb T`Q+2bb Bb MQi 2t+i b i?2`2 Bb i?2 TQbbB#BHBiv
i?i M BMi2`K2/Bi2 +Hmbi2` +QMbBbib Q7 /Q+mK2Mib i?i #2HQM; iQ irQ Q` KQ`2 /Bz2`2Mi Q`B;BMH

 2SWLPL]DWLRQ RI WKH &ODVVLƓFDWLRQ )UDPHZRUN 6WHSV IRU WKH 6HFRQG 3DVV
2p2Mi +Hmbi2`bX AM Q`/2` iQ ?M/H2 i?2b2 +b2b- r2 mb2 i?2 7QHHQrBM; K2i?Q/QHQ;B2b iQ +`2i2 Qm`
KTTBM; Q7 i?2 BMi2`K2/Bi2 2p2Mi +Hmbi2`b iQ i?2 }MH 2p2Mi +Hmbi2`bX 6Q` 2+? BMi2`K2/Bi2
+Hmbi2` BM i?2 `2bmHiBM; b2i r2 /Q i?2 7QHHQrBM;,
Ç q2 bbQ+Bi2  HBbi iQ i?2 BMi2`K2/Bi2 2p2Mi +Hmbi2` BM r?B+? r2 biQ`2 TQbbB#H2 +M/B/i2b
Q7 Q`B;BMH 2p2Mi +Hmbi2`b iQ r?B+? Bi +QmH/ #v bbB;M2/X
Ç 6Q` 2+? /Q+mK2Mi BM i?2 +Hmbi2`- r2 HQQF mT i?2 Q`B;BMH KTTBM; iQ Bib Q`B;BMH 2p2Mi
+Hmbi2`X A7  M2r Q`B;BMH 2p2Mi +Hmbi2` Bb 7QmM/- r2 +`2i2  M2r 2Mi`v 7Q` i?Bb 2p2Mi +Hmbi2`
BM i?2 HBbiX A7 i?2 Q`B;BMH 2p2Mi +Hmbi2` Bb H`2/v QM i?i HBbi- r2 BM+`2K2Mi Bib +QmMi #v
QM2X 1p2MimHHv- r2 2M/ mT rBi?  HBbi Q7 HH TQbbB#H2 Q`B;BMH 2p2Mi +Hmbi2`b iQ;2i?2` rBi?
i?2 MmK#2` Q7 i?2B` TT2`M+2bX
Ç h?2 HBbi rBi? i?2 TQbbB#H2 Q`B;BMH 2p2Mi +Hmbi2` +M/B/i2b Bb `2Q`/2`2/ BM /2b+2M/BM;
Q`/2` #v i?2 MmK#2` Q7 i?2B` TT2`M+2X A7 irQ Q` KQ`2 Q`B;BMH 2p2Mi +Hmbi2` +M/B/i2b
?p2 M 2[mH MmK#2` Q7 TT2`M+2b- i?2v `2 Q`/2`2/ BM b+2M/BM; Q`/2` #v i?2B` }`bi
TT2`M+2 BM i?2 Q`B;BMH ;QH/ biM/`/X
Ç q2 bbQ+Bi2 i?2 BMi2`K2/Bi2 2p2Mi +Hmbi2` iQ i?2 Q`B;BMH 2p2Mi +Hmbi2` #2BM; QM iQT Q7
i?2 +M/B/i2 HBbiX
h?2 +`2i2/ ;QH/ biM/`/ 7Q` i?2 b2+QM/ Tbb }MHHv BM+Hm/2b ky-3j8 BMi2`K2/Bi2 2p2Mi +Hmbi2`bX
Ai +M MQr #2 mb2/ 7Q` i?2 +`2iBQM Q7 i?2 i`BMBM; /i 7Q` i?2 /Bz2`2Mi bi2Tb Q7 i?2 +Hmbi2`BM;
7`K2rQ`F 7Q` i?2 b2+QM/ TbbX h?Bb rBHH #2 /2b+`B#2/ #2HQrX
 2SWLPL]DWLRQ RI WKH &ODVVLILFDWLRQ )UDPHZRUN 6WHSV IRU WKH 6HFRQG 3DVV
AM i?Bb b2+iBQM r2 iF2  HQQF i ?Qr i?2 bBM;H2 bi2Tb Q7 i?2 +HbbB}+iBQM 7`K2rQ`F +M #2
QTiBKBx2/ BM Q`/2` iQ BKT`Qp2 i?2 Qp2`HH +HbbB}+iBQM T`Q+2bbX q?BH2 KMv bT2+ib `2 /QTi2/
7`QK i?2 b2iiBM;b mb2/ BM i?2 bBM;H2@Tbb b+2M`BQ- bQK2 b2iiBM;b ?p2 iQ #2 `2imM2/ BM Q`/2` iQ
++QKKQ/i2 i?2 bHB;?iHv /Bz2`2Mi b2iiBM;X >2`2 r2 /Bb+mbb i?2 QTiBKBxiBQM 2tT2`BK2Mib r?B+?
r2 +QM/m+i2/ QM 2+? T`i 7Q` i?2 +Hmbi2`BM; 7`K2rQ`FX Gi2`- r2 BM+Q`TQ`i2 M 2t?mbiBp2
b2`+? iQ }M/ i?2 #2bi Qp2`HH b2iiBM;b QTiBKBx2/ 7Q` i?2 }MH ibFX
 &DQGLGDWH 5HWULHYDO
AM a2+iBQM 8Xj r2 /2b+`B#2/ /Bz2`2Mi bi`i2;B2b iQ `2i`B2p2 +M/B/i2b 7Q` i?2 bBM;H2@Tbb bi`i2;vX
h?Bb bi2T Bb mb2/ iQ KF2 i?2 TT`Q+? b+H#H2 b i?2 M2rHv ``BpBM; /Q+mK2Mib /Q MQi ?p2
iQ #2 +QKT`2/ iQ 2p2`v 2p2Mi BM i?2 2p2Mi b2i #mi QMHv iQ i?2 QM2b T`QTQb2/ #v i?2 +M/B/i2
`2i`B2pH bi2TX AM +QMi`bi iQ i?2 bBM;H2@Tbb bi`i2;v- i?2 MmK#2` Q7 Bi2Kb iQ #2 T`Q+2bb2/ Bb
HQr2` BM i?2 irQ@Tbb bi`i2;v- KFBM; i?2 +M/B/i2 `2i`B2pH bi2T H2bb +`m+BHX >Qr2p2`- bBM+2
r2 ?p2 b?QrM i?i i?2 Qp2`HH +HbbB}+iBQM T2`7Q`KM+2 Bb ?B;?2` r?2M  +M/B/i2 `2i`B2pH
bi`i2;v Bb mb2/- Bi Bb /pBb#H2 iQ mb2 bm+?  bi`i2;v HbQ BM  irQ@Tbb TT`Q+?X

&KDSWHU  ([SHULPHQWDO 6HWXS DQG 5HVXOWV RI 6XSHUYLVHG 0XOWL3DVV &OXVWHULQJ
aQ- b BM i?2 bBM;H2@Tbb b2iiBM;- r2 ?p2 iQ }M/ i?2 KBMBKH MmK#2` Q7 +M/B/i2b KQM;
r?B+? i?2 +Q``2+i +M/B/i2 Bb BM+Hm/2/X q2 i?2`27Q`2 +QKT`2 i?2 /Bz2`2Mi +M/B/i2 `2i`B2pH
bi`i2;B2b /2}M2/ BM a2+iBQM 8XjXkX q2 QMHv +?QQb2 bi`i2;B2b r?B+? ?p2 #22M b?QrM 2z2+iBp2
BM i?2 bBM;H2@Tbb T`Q+2bbX "27Q`2 r2 T`2b2Mi i?Bb +QKT`BbQM- r2 ;Bp2 M Qp2`pB2r Q7 i?2
2tT2`BK2MiH b2iiBM;b Q7 i?Bb QTiBKBxiBQM bi2TX
([SHULPHQWDO 6HWWLQJV
Pm` Q#D2+iBp2 Bb iQ }M/ Qmi ?Qr 2z2+iBp2 2+? +M/B/i2 `2i`B2pH bi`i2;v rQ`FbX h?Bb Bb
bBKBH` iQ i?2 MHvbBb T`2b2Mi2/ BM a2+iBQM eXkXRX >Qr2p2`- ?2`2 r2 mb2 i?2 M2r ;QH/ biM/`/
7Q` i?2 i`BMBM; b2i Q7 Qm` /ib2i b  #bBb ;BMX q2 KF2 mb2 Q7 Qm` bBKmHiBQM Q7 M
QTiBKH +Hmbi2`BM;X h?Bb Bb M Bi2`iBp2 +HbbB}+iBQM T`Q+2bb r?2`2 r2 mb2 i?2 M2r ;QH/ biM/`/
BM7Q`KiBQM iQ bbB;M i?2 BMi2`K2/Bi2 +Hmbi2`b iQ i?2 }MH +Q``2+i 2p2MiX 6Q` KQ`2 /2iBHb b22
H;Q`Bi?K eXR QM T;2 33X
lbBM; i?2 +Hmbi2`BM; bBKmHiBQM r2 b2`+? 7Q` i?2 `MF Q7 i?2 +Q``2+i 2p2Mi +Hmbi2` 7Q` 2+?
BMi2`K2/Bi2 2p2Mi +Hmbi2`X b  `2bmHi r2 ;2i i?2 MmK#2` Q7 2p2Mib iQ #2 `2i`B2p2/ bQ i?i i?2
+Q``2+i 2p2Mi 7Q` i?2 /Q+mK2Mi Bb BM+Hm/2/X lbBM; i?2b2 MmK#2`b- r2 Q#iBM i?2 2z2+iBp2M2bb 7Q`
 +2`iBM MmK#2` Q7 +M/B/i2b k b /2}M2/ BM 1[miBQM U8X8V BM a2+iBQM 8XjXR 7Q` i?2 /Bz2`2Mi
+M/B/i2 `2i`B2pH bi`i2;B2bX
5HVXOWV
AM i?2 7QHHQrBM;- r2 `2TQ`i i?2 `2bmHib Q7 i?2 2z2+iBp2M2bb 7Q` i?2 bBM;H2@bi`i2;v +M/B/i2
`2i`B2pH bi`i2;B2bX h?2 +M/B/i2 `2i`B2pH bi`i2;B2b +QMbB/2`2/ `2 i?2 `2i`B2pH #v mTHQ/ M
+Tim`2 iBK2X q2 T`2b2Mi i?2 2z2+iBp2M2bb Q7 i?2b2 bi`i2;B2b Qp2` i?2 MmK#2` k Q7 `2i`B2p2/





























)LJXUH  (IIHFWLYHQHVV RI GLIIHUHQW FDQGLGDWH UHWULHYDO VWUDWHJLHV XVHG IRU D VHFRQG SDVV

 2SWLPL]DWLRQ RI WKH &ODVVLƓFDWLRQ )UDPHZRUN 6WHSV IRU WKH 6HFRQG 3DVV
7DEOH  1HHGHG QXPEHU RI N WR UHDFK [  HIIHFWLYHQHVV
*M/B/i2 _2i`B2pH ai`i2;v NyW dyW 8yW jyW kyW
lTHQ/ hBK2 eRR d9 kd RR d
*Tim`2 hBK2 djj j9 Rj 8 j
:2Q Ĝ Ĝ Ĝ Ĝ Ĝ
h;b Ĝ Ĝ Ĝ jedj kRyk
h?2 ;`T?b +H2`Hv b?Qr i?i QMHv i?2 +M/B/i2 `2i`B2pH bi`i2;B2b #b2/ QM i?2 i2KTQ`H
72im`2b `2 #H2 iQ `2+? M 2z2+iBp2M2bb H2p2H 2t+22/BM; NyWX AM 7+i- #Qi? +M/B/i2 `2i`B2pH
bi`i2;B2b #b2/ QM  i2KTQ`H 72im`2 +M `2+? M 2z2+iBp2M2bb +HQb2 iQ RyyWX >Qr2p2`- i?Bb Bb
QMHv i?2 +b2 B7  p2`v ?B;? MmK#2` Q7 /Q+mK2Mib UQp2` R-yyyV Bb `2i`B2p2/X h?Bb Bb mM/2bB`2#H2
b i?2 Qp2`HH +QKTmiiBQMH +Qbi 7Q` 7m`i?2` T`Q+2bbBM; bi2Tb Bb iQQ ?B;? 7Q` bm+? M KQmMi Q7
+M/B/i2bX
PM i?2 Qi?2` ?M/- i?2 Qi?2` irQ +M/B/i2 `2i`B2pH bi`i2;B2b QMHv `2+?  p2`v HQr 2z2+iBp2@
M2bb KFBM; i?2B` mb27mHM2bb [m2biBQM#H2X q?BH2 i H2bi i?2 +M/B/i2 `2i`B2pH bi`i2;v #b2/
QM i?2 ;2Q;`T?B+ HQ+iBQM `2+?2b Bib KtBKH 2z2+iBp2M2bb p2`v [mB+FHv rBi? QMHv 72r +M/B@
/i2b `2i`B2p2/- i?2 +M/B/i2 `2i`B2pH bi`i2;v mbBM; i;b ?b b2`BQmb T`Q#H2Kb iQ `2+? Mv
2z2+iBp2M2bb i HH 7Q`  HQr MmK#2` Q7 +M/B/i2bX h?2`27Q`2- r2 /Q MQi 2KTHQv Mv bi`i2;B2b
+QK#BMBM; i?Qb2 bBM;H2 72im`2 `2i`B2pH bi`i2;B2bX
AM h#H2 3Xk r2 QmiHBM2 i?2 MmK#2` Q7 2p2Mi +M/B/i2b r?B+? ?p2 iQ #2 `2i`B2p2/ #v i?2
+M/B/i2 `2i`B2pH bi`i2;B2b BM Q`/2` iQ `2+? M 2z2+iBp2M2bb Q7 kyW- jyW- 8yW- dyW- M/
NyW- `2bT2+iBp2HvX AM +QKT`BbQM iQ i?2 +M/B/i2 `2i`B2pH bi`i2;v 2z2+iBp2M2bb BM i?2 bBM;H2@
Tbb bi`i2;v Ub22 h#H2 eXRV- KQ`2 +M/B/i2b ?p2 iQ #2 `2i`B2p2/ BM Q`/2` iQ `2+? i?2 bK2
2z2+iBp2M2bb H2p2HX 6Q` 2tKTH2- iQ `2+? M 2z2+iBp2M2bb Q7 #Qmi 3yW- r2 M22/2/ iQ `2i`B2p2
QMHv e Q` d +M/B/i2b mbBM; i?2 +Tim`2 Q` mTHQ/ iBK2 bi`i2;v- `2bT2+iBp2HvX qBi? i?2 irQ@Tbb
bi`i2;v- `2+?BM; i?2 bK2 H2p2H BKTHB2b iQ `2i`B2p2 H`2/v KQ`2 i?M Ryy +M/B/i2bX
q2 H2`M2/ 7`QK i?2 bBM;H2@Tbb bi`i2;v i?i i?2 BKT+i Q7  +M/B/i2 `2i`B2pH bi`i2;v QM
i?2 }MH T2`7Q`KM+2 Q7 i?2 bvbi2K Bb /Bz2`2Mi i?M Bi TT2`b BM i?2 2z2+iBp2M2bb MHvbBbX
h?2`27Q`2- r2 iF2  HQQF i i?2 `2i`B2pH bi`i2;B2b b r2HH b i?2 MmK#2` Q7 +M/B/i2b iQ
#2 +?Qb2M QM+2 ;BM Hi2`X b i?2 `2i`B2pH bi`i2;B2b :2Q M/ h;b ?p2 bi`QM; HBKBiiBQMb
`2;`/BM; i?2B` KtBKH 2z2+iBp2M2bb 2p2M 7Q` ?B;?2` +M/B/i2b k- r2 QMHv +QMbB/2` i?2 `2i`B2pH
bi`i2;B2b lTHQ/ hBK2 M/ *Tim`2 hBK2 7Q` 7m`i?2` 2tT2`BK2MibX
 )HDWXUHV IRU 6LPLODULW\ )XQFWLRQ /HDUQLQJ DQG 1HZ (YHQW 'HWHFWLRQ
>pBM; }MBb?2/ i?2 +M/B/i2 `2i`B2pH bi2T M/ 2ti`+i2/ i?2 TB`rBb2 72im`2b 7Q` HH `2H2pMi
+QK#BMiBQMb Q7 M BMi2`K2/Bi2 2p2Mi +Hmbi2` M/  }MH 2p2Mi iQ r?B+? Bi +Q``2bTQM/b iQ- r2
2M/ mT rBi? 72im`2 p2+iQ`b Q7 bBM;H2 bBKBH`BiB2bX L2ti r2 i`BM  +HbbB}2` r?B+? Bb +T#H2 iQ
mb2 i?2b2 72im`2 p2+iQ`b iQ T`QpB/2 mb M Qp2`HH bBKBH`Biv K2bm`2 Q7 +M/B/i2 TB`bX h?2

&KDSWHU  ([SHULPHQWDO 6HWXS DQG 5HVXOWV RI 6XSHUYLVHG 0XOWL3DVV &OXVWHULQJ
H2`MBM; bi`i2;v M/ /i mb2/ 7Q` i?Bb Bb /Bb+mbb2/ M2tiX 7i2` i?i r2 HbQ iF2  HQQF i i?2
M2r 2p2Mi /2i2+iBQM mb2/ BM i?2 irQ@Tbb TT`Q+?X
6LPLODULW\ )XQFWLRQ /HDUQLQJ
AM i?2 7QHHQrBM; r2 /Bb+mbb r?i i2+?MB[m2b r2 mb2 iQ H2`M  bBKBH`Biv 7mM+iBQM BM i?2 irQ@Tbb
bi`i2;vX AM Q`/2` iQ H2`M  bBKBH`Biv 7mM+iBQM r2 M22/ bmBi#H2 /iX h?2`27Q`2- r2 }`bi /Bb+mbb
i?2 +`2iBQM Q7 bmBi#H2 i`BMBM; /iX 7i2` i?i- r2 /2b+`B#2 ?Qr r2 +QM/m+i Qm` 2tT2`BK2Mib
iQ /2+B/2 QM i?2 b2iiBM;b M/ QTiBQMb mb2/ 7Q` i?2 mb2/ +HbbB}2`b 7Q` i?2 b+Q`BM; M/ `MFBM; b
r2HH b i?2 M2r 2p2Mi /2i2+iBQM bi2TbX
&UHDWLRQ RI WKH 7UDLQLQJ 'DWD
AM Q`/2` iQ +`2i2 i?2 i`BMBM; /i r2 KF2 mb2 Q7 i?2 M2r ;QH/ biM/`/ 7Q` i?2 b2+QM/ Tbb
/2b+`B#2/ 2`HB2` BM a2+iBQM 3XkXkX h?2 #bBb 7Q` i?2 i`BMBM; /i +`2iBQM rb i?2 BMi2`K2/Bi2
+Hmbi2`BM; T`Q/m+2/ #v i?2 aBKTH2lb2`.vS`2+Hmbi2`BM; bi`i2;v r?2M TTHB2/ QM i?2 i`BMBM;
b2i Q7 Qm` Q`B;BMH /ib2iX q2 #b2 Qm` bi`i2;v QM i?2 }M/BM;b /m`BM; i?2 i`BMBM; T`Q+2bb
Q7 i?2 bBKBH`Biv 7mM+iBQMb mb2/ BM i?2 bBM;H2@Tbb b2iiBM;X AM T`iB+mH`- r2 +`2i2 i?2 i`BMBM;
/i mbBM; i?2 7QHHQrBM; bi2Tb,
Ç 6Q` 2+? BMi2`K2/Bi2 2p2Mi +Hmbi2` c M/ 2+? +2Mi`QB/ `2T`2b2MiBM; QM2 }MH 2p2Mi eν - r2
+QKTmi2 i?2 +Q``2bTQM/BM; bBKBH`Biv p2+iQ` v⃗sim(c, e)X h?2 TB`b (ci, e(ci)) +QMbBbiBM; Q7
M BMi2`K2/Bi2 2p2Mi +Hmbi2` c M/ i?2 +Q``2bTQM/BM; }MH 2p2Mi e(ci) `2 mb2/ b TQbBiBp2
2tKTH2bX
Ç 6Q` i?2 TQbBiBp2 2tKTH2b- r2 +?QQb2 n +QMb2+miBp2 BMi2`K2/Bi2 2p2Mi +Hmbi2`b 7`QK i?2
i`BMBM; b2i Ur?B+? Bb Q`/2`2/ #v iBK2VX JQ`2 bT2+B}+HHv- r2 mb2 i?2 }`bi /Q+mK2Mib
TT2`BM; BM i2KTQ`H Q`/2`X
Ç _2;`/BM; i?2 M2;iBp2 2tKTH2b- r2 mb2 i?2 M2`2bi bKTHBM; bi`i2;v b T`QTQb2/ BM
a2+iBQM eXjX h?2b2 2tKTH2b `2 +?Qb2M mbBM; i?2 }MH 2p2Mi +Hmbi2` rBi? i?2 ?B;?2bi
bBKBH`Biv iQ r?B+? i?2 BMi2`K2/Bi2 2p2Mi +Hmbi2` /Q2b MQi #2HQM;,










Ç q2 iF2 +`2 i?i i?2 MmK#2` Q7 TQbBiBp2 M/ M2;iBp2 2tKTH2b Bb 2[mH bQ i?i i?2
i`BMBM; /i b2i Bb #HM+2/X
b r2 ?p2 H`2/v 7QmM/ i?2 QTiBKH MmK#2` Q7 i`BMBM; 2tKTH2b iQ #2 mb2/ 7Q` i?2 i`BMBM;
Q7 i?2 +HbbB}2`b Ub22 h#H2 eXk M/ h#H2 eX9 BM a2+iBQM eXjXkV- r2 KF2 mb2 Q7 i?2b2 pHm2bX
h?2`27Q`2- 7Q` i?2 i`BMBM; Q7 i?2 amTTQ`i o2+iQ` J+?BM2 r2 +M mb2 HH 9-88y TQbBiBp2 iQ;2i?2`
rBi? 9-88y M2;iBp2 2tKTH2bX h?Bb Bb i?2 KtBKmK MmK#2` Q7 TQbBiBp2 2tKTH2b r?B+? +M #2
2ti`+i2/ BM+Hm/BM; HH bBM;H2 72im`2b mb2/ 7Q` i?2 +HbbB}+iBQMX 6Q` i?2 i`BMBM; Q7 i?2 .2+BbBQM
h`22 r2 mb2 b KMv i`BMBM; 2tKTH2b b 7Q` i?2 aoJX >2`2- /m2 iQ i?2 HBKBi2/ MmK#2` Q7

 2SWLPL]DWLRQ RI WKH &ODVVLƓFDWLRQ )UDPHZRUN 6WHSV IRU WKH 6HFRQG 3DVV
i`BMBM; 2tKTH2b- r2 +H2`Hv b22 i?i  +HbbB}2` M22/BM; H2bb i`BMBM; 2tKTH2b Bb BM/22/ M
/pMi;2X A7 MQi HH 72im`2b `2 mb2/- i?2 MmK#2` Q7 i`BMBM; 2tKTH2b Bb ?B;?2`- 2X ;X i?2
MmK#2` Q7 i`BMBM; 2tKTH2b r?2M MQi mbBM; i?2 ;2Q;`T?B+H 72im`2 Bb RR-Nj3X
&ODVVLILHU 6HWWLQJV
h?2 b2iiBM;b 7Q` i?2 /Bz2`2Mi +HbbB}2`b `2 +QKT`#H2 iQ i?2 b2iiBM;b mb2/ 7Q` i?2 bBM;H2@Tbb
bi`i2;vX q2 2KTHQv i?2 7QHHQrBM; b2iiBM;b 7Q` i?2 irQ +HbbB}2`b aoJ M/ .2+BbBQM h`22,
Ç amTTQ`i o2+iQ` J+?BM2, q2 2KTHQv i?2 *@ao* BKTH2K2MiiBQM 7Q` bmTTQ`i p2+iQ`
+HbbB}+iBQM 7`QK GB#aoJ(*GRR)X h?Bb Bb  biM/`/ aoJX q2 b2i i?2 i`/2@Qz #2ir22M
i`BMBM; 2``Q` M/ K`;BM C iQ 1.0 M/ KF2 i?2 +HbbB}2` QmiTmi bQ@+HH2/ T`Q##BHBiv
2biBKi2bX h?Bb T`QpB/2b  MQ`KHBx2/ T`Q##BHBiv pHm2 BM i?2 BMi2`pH #2ir22M y M/ R
+H+mHi2/ 7`QK i?2 /BbiM+2 Q7 i?2 /i TQBMi BM i?2 p2+iQ` bT+2 iQ i?2 /2+BbBQM #QmM/`vX
q2 mb2 i?Bb T`Q##BHBiv b Qm` +imH bBKBH`Biv K2bm`2X q2 2tT2`BK2Mi rBi?  HBM2`
M/  _"6 F2`M2HX
Ç .2+BbBQM h`22, q2 mb2 i?2 *HbbB}+iBQM M/ _2;`2bbBQM h`22b U*_hV BKTH2K2MiiBQM
7QHHQrBM; "`2BKM 2i HX ("`2Y39)X h?2 KtBKmK /2Ti? Q7 i?2 .2+BbBQM h`22 Bb b2i iQ 8
iQ pQB/  TQbbB#H2 Qp2`}iiBM;X h?2 KBMBKH bKTH2b iQ #2 BM+Hm/2/ BM QM2 H27 Bb b2i iQ RX
1HZ (YHQW 'HWHFWLRQ
h?2 ;QH ?2`2 Bb iQ i`BM  +HbbB}2` KQ/2H 7Q` i?2 /2i2+iBQM Q7 M2r 2p2MibX b r2 ?p2 /2b+`B#2/
2`HB2`- r2 2KTHQv  72im`2 p2+iQ` v⃗new(c) BM+Hm/BM; 72im`2b i?i `2 /2`Bp2/ 7`QK i?2 `MFBM;
M/ b+Q`BM; bi2TX AM Q`/2` iQ mb2 i?2b2 72im`2 p2+iQ`b 7Q` +HbbB}+iBQM- r2 HbQ M22/ iQ +?QQb2
+HbbB}+iBQM H;Q`Bi?Kb iQ BM/m+2  KQ/2HX h?2`27Q`2- i?2 +`2iBQM Q7 i?2 i`BMBM; p2+iQ`b `2
/2b+`B#2/ M2tiX 7i2` i?i- r2 /2b+`B#2 i?2 +HbbB}2`b i?i `2 mb2/X AM //BiBQM iQ i?i- r2
/2b+`B#2 i?2 b2iiBM;b M/ +QM};m`iBQM mb2/ 7Q` i?2 2KTHQv2/ +HbbB}2`bX
&UHDWLRQ RI 7UDLQLQJ 'DWD
AM Q`/2` iQ +`2i2 i?2 i`BMBM; /i 7Q` i?2 M2r 2p2Mi /2i2+iBQM bi2T BM i?2 b2+QM/ Tbb- r2
mb2 i?2 BMi2`K2/Bi2 +Hmbi2`BM; Q7 i?2 i`BMBM; bTHBi 7`QK Qm` /ib2iX h?2 iQiH MmK#2` Q7
BMi2`K2/Bi2 +Hmbi2`b Bb ky-3j8X h?2b2 BMi2`K2/Bi2 +Hmbi2`b `2 bT`2/ Qp2` R9-33k }MH +Hmbi2`bX
b  +QMb2[m2M+2- i?2 KtBKmK MmK#2` Q7 i`BMBM; /i p2+iQ`b 7Q` i?2 M2r 2p2Mi /2i2+iBQM Bb
HBKBi2/ iQ R9-33R TQbBiBp2 2tKTH2bX
q2 mb2 M Q`+H2-  +Hmbi2`BM; bBKmHiBQM r?B+? T`Q/m+2b M QTiBKH +Hmbi2`BM; ++Q`/BM; iQ
i?2 +Q``2+i bbB;MK2Mi Q7 BMi2`K2/Bi2 2p2Mi +Hmbi2`b iQ }MH 2p2Mi +Hmbi2`bX AM i?Bb T`Q+2bb-
i?2 bBKBH`BiB2b Q7 i?2 BMi2`K2/Bi2 M/ }MH 2p2Mi +Hmbi2`b `2 +H+mHi2/ mbBM; i?2 H2`M2/
bBKBH`Biv K2bm`2 7`QK i?2 b+Q`BM; M/ `MFBM; bi2TX 6Q` i?Bb r2 mb2 /Bz2`2Mi +HbbB}2`b M/
bi`i2;B2b `2;`/BM; i?2 F2`M2H UBM +b2 i?i M aoJ Bb mb2/VX h?2 BMi2`K2/Bi2 +Hmbi2`b `2
bbB;M2/ iQ i?2 +Q``2+i }MH 2p2Mi +Hmbi2` BM/2T2M/2MiHv Q7 i?i /2+BbBQMX

&KDSWHU  ([SHULPHQWDO 6HWXS DQG 5HVXOWV RI 6XSHUYLVHG 0XOWL3DVV &OXVWHULQJ
h?2 +M/B/i2 `2i`B2pH bi`i2;v HbQ M22/b iQ #2 BMpQHp2/ b i?Bb Bb BKTQ`iMi 7Q` i?2 +H+mHiBQM
Q7 i?2 p2`;2 M/ biM/`/ /2pBiBQM 72im`2b Q7 i?2 M2r 2p2Mi 72im`2 p2+iQ`X h?2`27Q`2- r2
mb2 i?2 KQbi T`QKBbBM; +M/B/i2 `2i`B2pH bi`i2;v b 7QmM/ BM i?2 2z2+iBp2M2bb 2tT2`BK2Mib,
i?2 *Tim`2 hBK2 bi`i2;vX q2 +QM};m`2 i?Bb bi`i2;v mbBM; k = 10X h?mb- i?2 Ry M2`2bi
2p2Mib #b2/ QM i?2B` +Tim`2 iBK2biKTb `2 `2i`B2p2/ 7Q` 2+? BMi2`K2/Bi2 2p2Mi +Hmbi2`X
7i2` i?2 T`Q+2bb ?b }MBb?2/- r2 2M/ mT rBi? Rk-eNy TQbBiBp2 i`BMBM; 2tKTH2bX q2 `M/QKHv
+?QQb2 MQi?2` Rk-eNy M2;iBp2 2tKTH2b 7`QK i?2 M2;iBp2 2tKTH2b r?B+? r2`2 T`Q/m+2/ BM
i?2 QTiBKH +Hmbi2`BM; T`Q+2bbX h?2b2 p2+iQ`b +M MQr #2 mb2/ iQ i`BM Qm` M2r 2p2Mi /2i2+iBQM
+HbbB}2`bX
6WUDWHJ\ IRU &ODVVLILHU 7UDLQLQJ DQG &ODVVLILHU 6HWWLQJV
AM i?2 bBM;H2@Tbb bi`i2;v r2 QMHv mb2/  biM/`/ amTTQ`i p2+iQ` J+?BM2 b +HbbB}2` 7Q` i?2
M2r 2p2Mi /2i2+iBQM bi2TX 6Q` Qm` 2tT2`BK2Mib BM i?2 KmHiB@Tbb T`/B;K r2 MQi QMHv mb2 
biM/`/ aoJ #mi r2 HbQ 2KTHQv  .2+BbBQM h`22 iQ iF2  HQQF i i?2 BKT+i Q7 i?Bb +HbbB}2`
QM i?2 M2r 2p2Mi /2i2+iBQM bi2TX
h?2 +imH BKTH2K2MiiBQMb mb2/ 7Q` #Qi? +HbbB}2`b `2 i?2 QM2b mb2/ #27Q`2 UGB#aoJ M/
*_hVX q2 2KTHQv  *@aoJ i?i Bb mb2/ iQ;2i?2` rBi? M _"6 F2`M2HX h?2 T`K2i2` C 7Q`
i?2 i`/2@Qz #2ir22M i`BMBM; 2``Q` M/ K`;BM Bb b2i iQ RXyX h?2 +QM};m`iBQM Q7 i?2 .2+BbBQM
h`22 Bb b2i bQ i?i i?2 KtBKmK /2Ti? Bb HBKBi2/ iQ 8 M/ i?2 KBMBKmK MmK#2` Q7 2H2K2Mib
T2` H27 Bb RX h?2 QmiTmi Q7 #Qi? +HbbB}2`b Bb +QM};m`2/ bQ i?i  HBM2` pHm2 BM i?2 `M;2 [0..1]
Bb `2im`M2/X h?2 +imH pHm2 /2MQi2b i?2 T`Q##BHBiv rBi? r?B+? i?2 /i TQBMi #2HQM;b iQ i?2
TQbBiBp2 +HbbX
h?2 aoJ Bb i`BM2/ rBi? k-yyy TQbBiBp2 M/ k-yyy M2;iBp2 2tKTH2bc i?2b2 r2`2 i?2 QTiBKH
MmK#2` Q7 i`BMBM; 2tKTH2b BM i?2 i`BMBM; T?b2 Q7 i?2 bBM;H2@Tbb bi`i2;vX AM +QMi`bi iQ
i?i- i?2 .2+BbBQM h`22 Bb i`BM2/ rBi? i?2 KtBKmK MmK#2` Q7 i`BMBM; 2tKTH2b pBH#H2
URk-eNyV b r2 `2 r`2 i?i KMv i`BMBM; 2tKTH2b `2 M22/2/ BM Q`/2` iQ Q#iBM  ;QQ/
/2+BbBQM KQ/2H rBi? i?Bb +HbbB}2`X
 &OXVWHULQJ )UDPHZRUN LQ 7ZR3DVV 0RGH ŏ 2SWLPL]DWLRQ
S`2pBQmbHv r2 ?p2 /Bb+mbb2/ i?2 K2i?Q/b M/ b2iiBM;b iQ #2 mb2/ iQ QTiBKBx2 2+? bBM;H2 bi2T
Q7 Qm` +Hmbi2`BM; 7`K2rQ`FX "27Q`2 r2 T`QpB/2 i?2 }MH `2bmHib- r2 M22/ iQ /Bb+mbb ?Qr i?2
bBM;H2 bi2Tb +M #2 QTiBKBx2/ ;HQ#HHv bQ i?i i?2 BMi2`+iBQM #2ir22M i?2b2 bi2Tb `2bmHib BM M
QTiBKH +HbbB}+iBQM T`Q+2bbX
q2 H2`M2/ 7`QK i?2 QTiBKBxiBQM Q7 Qm` bvbi2K rBi? QM2 bBM;H2 Tbb i?i i?2 mb;2 Q7 i?2 #2bi
b2iiBM;b 7Q` 2+? bBM;H2 ibF Q7 i?2 Qp2`HH bvbi2K /Q2b MQi M2+2bb`BHv `2bmHi BM  bvbi2K `2+?BM;
i?2 #2bi `2bmHi QM i?2 Qp2`HH +Hmbi2`BM; ibFX b  +QMb2[m2M+2- r2 ?2`2 QmiHBM2 Qm` }M/BM;b 7Q`
i?2 b2iiBM;b Q7 i?2 bBM;H2 bvbi2K T`ib r?B+? H2/ iQ  bvbi2K i?i bmBib #2bi QM i?2 Qp2`HH ibF
BM irQ@Tbb KQ/2X q2 bi`i rBi? i?2 /2b+`BTiBQM Q7 Qm` 2t?mbiBp2 b2`+? HHQrBM; iQ }M/ i?2
QTiBKH T`K2i2`b 7Q` i?2 b+Q`BM; M/ `MFBM; b r2HH b i?2 M2r 2p2Mi /2i2+iBQM bi2TX 7i2`

 &OXVWHULQJ )UDPHZRUN LQ 7ZR3DVV 0RGH ŋ 2SWLPL]DWLRQ
i?i- r2 QTiBKBx2 i?2 +M/B/i2 `2i`B2pH bi2TX b H`2/v K2MiBQM2/ #27Q`2- r2 Hrvb mb2 i?2
aBKTH2lb2`.vS`2+Hmbi2`BM; bi`i2;v 7Q` i?2 }`bi Tbb b  #bBbX
 ([KDXVWLYH 6HDUFK IRU 2SWLPDO )HDWXUHV LQ 6FRULQJ 5DQNLQJ DQG 1HZ (YHQW 'HWHFWLRQ
Ai Bb Qm` ;QH iQ QTiBKBx2 HH +HbbB}2`b M/ i?2B` b2iiBM;b bQ i?i i?2 Qp2`HH T2`7Q`KM+2 Bb
QTiBKBx2/X h?2`27Q`2- r2 /Q M 2t?mbiBp2 b2`+? mbBM; i?2 i`BMBM; bTHBi iQ }M/ i?2 #2bi
rQ`FBM; +QM};m`iBQMX lbBM; i?2 bBM;H2@Tbb bi`i2;v r2 QMHv +QKT`2/ bvbi2K +QM};m`iBQMb
i?i r2`2 HBF2Hv iQ b?Qr  ;QQ/ Qp2`HH T2`7Q`KM+2 b i?2 +QKTmiiBQMH 2zQ`i rb iQQ ?B;? 7Q`
M 2t?mbiBp2 72im`2 b2`+?X AM +QMi`bi iQ i?i- mbBM; i?2 KmHiB@Tbb bi`i2;v r2 `2 +T#H2
Q7 b2`+?BM; Qp2` KMv 72im`2 /BK2MbBQMbX h?Bb BM+Hm/2b i?2 b+Q`BM; M/ `MFBM; b r2HH b
i?2 M2r 2p2Mi /2i2+iBQM bi2TX +imHHv- r2 /Q i?2 2t?mbiBp2 b2`+? mbBM; HH Q7 i?2 7QHHQrBM;
/BK2MbBQMb i i?2 bK2 iBK2,
Ç aBKBH`Biv G2`MBM; *HbbB}2`, q2 HQQF 7Q` i?2 #2bi T2`7Q`KBM; +HbbB}2`X h?2 +HbbB@
}2`b BM [m2biBQM `2  biM/`/ amTTQ`i o2+iQ` J+?BM2 M/  .2+BbBQM h`22X
Ç aBKBH`Biv G2`MBM; 62im`2b, "v 2tKBMiBQM Q7 i?Bb /BK2MbBQM r2 BK iQ B/2MiB7v i?2
#2bi +QK#BMiBQM Q7 bBM;H2 bBKBH`Biv 72im`2b iQ #2 mb2/ 7Q` i?2 i`BMBM; M/ T`2/B+iBQM Q7
i?2 Qp2`HH bBKBH`Biv #2ir22M M BMi2`K2/Bi2 2p2Mi +Hmbi2` M/  }MH 2p2Mi +Hmbi2`X h?2
+imH bBM;H2 bBKBH`Biv 72im`2b BM+Hm/2/ BM i?2 b2`+? `2, simmTHQ/- sim+Tim`2- sim;2Q-
simi;b- b r2HH b simiBiH2X
Ç L2r 1p2Mi .2i2+iBQM *HbbB}2`, lbBM; i?Bb /BK2MbBQM r2 BK iQ /2i2`KBM2 i?2 #2bi
T2`7Q`KBM; +HbbB}2` mb2/ 7Q` i?2 T`2/B+iBQM Q7 M2r 2p2MibX h?2 +HbbB}2`b #2BM; i2bi2/ `2
 biM/`/ aoJ b r2HH b  .2+BbBQM h`22X
Ç L2r 1p2Mi .2i2+iBQM 62im`2b, q2 MHvx2 i?2 72im`2b mb2/ 7Q` i?2 M2r 2p2Mi
/2i2+iBQM /2+BbBQM M/ b2`+? 7Q` i?2 #2bi +QK#BMiBQM iQ #2 mb2/ 7Q` i?2 M2r 2p2Mi
/2+BbBQMX h?2 72im`2b #2BM; 2tKBM2/ `2 i?2 7QHHQrBM;, max- min- avg- stddev- maxmTH-
M/ max+TX
Ç L2r 1p2Mi .2i2+iBQM h?`2b?QH/, h?Bb /BK2MbBQM Bb mb2/ iQ }M/ i?2 QTiBKH i?`2b?QH/
7Q` i?2 /2+BbBQM r?2M  M2r 2p2Mi ?b iQ #2 +`2i2/ Q` MQiX
lbBM; i?Bb 2t?mbiBp2 b2`+? r2 +QKT`2 213 /Bz2`2Mi bvbi2K +QM};m`iBQMb 7Q` i?2 }`bi 7Qm`
/BK2MbBQMbX 1p2`v bBM;H2 +QM};m`iBQM Q7 i?2 213 +QM};m`iBQMb Bb MHvx2/ BM/BpB/mHHv iQ }M/
i?2 #2bi i?`2b?QH/ 7Q` i?2 M2r 2p2Mi /2i2+iBQM /2+BbBQMX AM Q`/2` iQ }M/ i?2 #2bi@T2`7Q`KBM;
pHm2- r2 2KTHQv  ;`/B2Mi /2b+2Mi bi`i2;vX b  `2bmHi r2 ;2i i?2 QTiBKH i?`2b?QH/ 7Q` 2+?
+QM};m`iBQMX Pp2`HH- r2 +QKTmi2/ pHm2b 7Q` Qp2` 3y-yyy BM/BpB/mH +QM};m`iBQMbX
b i?2 2t?mbiBp2 b2`+? bi`i2;v mb2b i?2 +QKTH2i2 +HbbB}+iBQM T`Q+2bb iQ +QKTmi2 i?2 }MH
pHm2b BM i2`Kb Q7 T`2+BbBQM- `2+HH- M/ 6@K2bm`2- r2 ?p2 iQ T`QpB/2  +QM};m`iBQM 7Q`
i?2 +M/B/i2 `2i`B2pH bi2T b r2HHX lM7Q`imMi2Hv- i?2 +M/B/i2 `2i`B2pH bi2T +QmH/ MQi #2
BMi2;`i2/ BM i?2 2t?mbiBp2 b2`+? /m2 iQ +QKTmiiBQMH iBK2 `2bi`B+iBQMbX h?2`27Q`2- BM i?2
QTiBKBxiBQM bi2T r2 bT2+B7v i?2 +M/B/i2 `2i`B2pH bi`i2;v iQ #2 i?2 *Tim`2 hBK2 bi`i2;v

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9,07E-0018,61E-0019, 8E-0018,65E-0019, 8E-0018,85E-0019, 7E-0019, 1E-0019, 7E-0019, 1E-0019, 7E-0019, 2E-0019, 8E-0019, 2E-0019, 8E-0018,61E-0019, 8E-0018,62E-0019, 8E-0018,85E-0019, 8E-0018,86E-0019, 7E-0019, 2E-0019, 8E-0019, 2E-0019, 6E-0019, 1E-0019, 7E-0019, 1E-0019, 6E-0018,61E-0019, 9E-0018,62E-0019, 7E-0018,93E-0019, 8E-0018,81E-0019, 8E-0019, 1E-0019, 7E-0019, 7E-0019, 7E-0019, 1E-0019, 8E-0019, 2E-0019, 8E-0018,61E-0019, 8E-0018,62E-0019, 8E-0018,79E-0019, 8E-0018,84E-0019, 8E-0019, 1E-0019, 7E-0019, 2E-0019, 7E-0019, 1E-0019, 7E-0019, 2E-0019, 6E-001
9,10E-0018,61E-0019,1 E-0018,96E-0019, E-0019, 1E-0019, E-0019, 7E-0019, E-0019, 6E-0019, 6E-0019, 6E-0019, 6E-0019, 6E-0019, E-0018,61E-0019, E-0018,61E-0019, E-0018,65E-0019, E-0018,99E-0019, E-0019, 6E-0019, E-0019, 5E-0019, E-0019, 6E-0019, E-0019, 7E-0019, E-0018,61E-0019, 9E-0018,62E-0019, 7E-0018,93E-0019, E-0018,98E-0019, E-0019, 6E-0019, E-0019, 6E-0019, E-0019, 6E-0019, 2E-0019, 6E-0019, 2E-0018,61E-0019, 9E-0018,62E-0019, E-0018,64E-0019, E-0019, 7E-0019, E-0019, 6E-0019, E-0019, 5E-0019, E-0019, 6E-0019, E-0019, 6E-0019, E-001
8,71E-0018,61E-0018,71E-0018,61E-0018,72E-0018,61E-0018,72E-0018,62E-0018,71E-0018,61E-0018,72E-0018,61E-0018,72E-0018,61E-0018,61E-0018,61E-0018,72E-0018,61E-0018,72E-0018,61E-0018,72E-0018,61E-0018,71E-0018,61E-0018,72E-0018,61E-0018,71E-0018,61E-0018,72E-0018,61E-0018,7 E-0018,61E-0018,61E-0018,62E-0018,66E-0018,61E-0018,67E-0018,62E-0018,61E-0018,61E-0018,67E-0018,61E-0018,66E-0018,62E-0018,67E-0018,61E-0018,68E-0018,61E-0018,61E-0018,62E-0018,66E-0018,62E-0018,61E-0018,62E-0018,69E-0018,61E-0018,66E-0018,61E-0018,67E-0018,62E-0018,61E-0018,62E-0018,68E-001
8,73E-0018,61E-0018,75E-0018,62E-0018,74E-0018,63E-0018,61E-0018,7 E-0018,74E-0018,7 E-0018,75E-0018,61E-0018,74E-0018,7 E-0018,74E-0018,61E-0018,61E-0018,61E-0018,75E-0018,61E-0018,74E-0018,63E-0018,75E-0018,7 E-0018,75E-0018,61E-0018,75E-0018,69E-0018,74E-0018,69E-0018,75E-0018,61E-0018,72E-0018,62E-0018,73E-0018,61E-0018,72E-0018,62E-0018,73E-0018,61E-0018,72E-0018,68E-0018,73E-0018,61E-0018,72E-0018,67E-0018,73E-0018,61E-0018,61E-0018,62E-0018,73E-0018,62E-0018,72E-0018,61E-0018,73E-0018,65E-0018,72E-0018,67E-0018,61E-0018,69E-0018,72E-0018,61E-0018,73E-001
8,71E-0018,61E-0018,71E-0018,61E-0018,71E-0018,61E-0018,7 E-0018,61E-0018,71E-0018,61E-0018,7 E-0018,61E-0018,71E-0018,61E-0018,7 E-0018,61E-0018,71E-0018,61E-0018,69E-0018,61E-0018,7 E-0018,61E-0018,7 E-0018,61E-0018,7 E-0018,61E-0018,7 E-0018,61E-0018,7 E-0018,61E-0018,72E-0018,61E-0018,66E-0018,62E-0018,67E-0018,62E-0018,61E-0018,62E-0018,68E-0018,61E-0018,65E-0018,62E-0018,67E-0018,61E-0018,66E-0018,62E-0018,67E-0018,61E-0018,61E-0018,62E-0018,68E-0018,61E-0018,68E-0018,62E-0018,67E-0018,61E-0018,68E-0018,62E-0018,68E-0018,62E-0018,61E-0018,62E-0018,67E-001
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8,70E-0018,61E-0018,7 E-0018,61E-0018,61E-0018,61E-0018,7 E-0018,61E-0018,7 E-0018,62E-0018,71E-0018,61E-0018,61E-0018,61E-0018,61E-0018,61E-0018,7 E-0018,61E-0018,7 E-0018,61E-0018,7 E-0018,61E-0018,7 E-0018,61E-0018,61E-0018,63E-0018,7 E-0018,61E-0018,7 E-0018,63E-0018,61E-0018,61E-0018,66E-0018,62E-0018,66E-0018,61E-0018,63E-0018,61E-0018,64E-0018,61E-0018,66E-0018,62E-0018,64E-0018,61E-0018,63E-0018,62E-0018,63E-0018,61E-0018,61E-0018,62E-0018,66E-0018,61E-0018,64E-0018,62E-0018,64E-0018,61E-0018,64E-0018,61E-0018,65E-0018,61E-0018,61E-0018,61E-0018,64E-001
8,65E-0018,61E-0018,65E-0018,63E-0018,65E-0018,64E-0018,65E-0018,64E-0018,64E-0018,64E-0018,65E-0018,64E-0018,65E-0018,64E-0018,65E-0018,61E-0018,61E-0018,61E-0018,65E-0018,63E-0018,61E-0018,64E-0018,65E-0018,61E-0018,65E-0018,64E-0018,65E-0018,64E-0018,65E-0018,64E-0018,65E-0018,61E-0018,61E-0018,62E-0018,64E-0018,63E-0018,64E-0018,61E-0018,65E-0018,64E-0018,61E-0018,64E-0018,64E-0018,61E-0018,64E-0018,64E-0018,65E-0018,61E-0018,65E-0018,61E-0018,65E-0018,62E-0018,65E-0018,63E-0018,64E-0018,64E-0018,65E-0018,64E-0018,65E-0018,64E-0018,61E-0018,64E-0018,65E-001
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9,10E-0018,61E-0019, 9E-0018,97E-0019, 9E-0018,98E-0019, 4E-0019, 8E-0019, E-0019, 5E-0019, 9E-0019, 7E-0019, 9E-0019, 4E-0019, 9E-0018,61E-0019, E-0018,61E-0019, 3E-0018,96E-0019, 9E-0018,75E-0019, 9E-0019, 8E-0019, E-0019, 7E-0019, 9E-0019, 5E-0019, 9E-0019, 7E-0019, 5E-0018,61E-0019, 7E-0018,62E-0019, 9E-0018,95E-0019, 9E-0018,75E-0019, 9E-0019, 8E-0019, 9E-0019, 8E-0019, 9E-0019, 7E-0019, 5E-0019, 7E-0019, 9E-0018,61E-0019, 9E-0018,62E-0019, 6E-0018,94E-0019, 8E-0018,75E-0019, 9E-0019, 7E-0019, 8E-0019, 7E-0019, 9E-0019, 8E-0019, 9E-0019, 7E-0019, 9E-001
9,07E-0018,61E-0019, 7E-0018,73E-0019, 4E-0018,85E-0019, 4E-0019, 4E-0019, 7E-0019, 4E-0019, 7E-0019, 5E-0019, 7E-0019, 5E-0019, 7E-0018,61E-0019, 8E-0018,61E-0019, 7E-0018,83E-0019, 7E-0018,84E-0019, 5E-0019, 4E-0019, 7E-0019, 4E-0019, 7E-0019, 4E-0019, 5E-0019, 5E-0019, 7E-0018,61E-0019, 6E-0018,61E-0019, 7E-0018,69E-0019, 6E-0019, 4E-0019, 6E-0019, 4E-0019, 7E-0019, 4E-0019, 5E-0019, 4E-0019, 6E-0019, 5E-0019, 6E-0018,61E-0019, 4E-0018,62E-0019, 6E-0018,75E-0019, 6E-0018,78E-0019, 6E-0019, 8E-0019, 7E-0019, 4E-0019, 7E-0019, 4E-0019, 7E-0019, 8E-0019, 6E-001
9,08E-0018,61E-0019, 8E-0019, 3E-0019, 8E-0019, 4E-0019, 8E-0019, 8E-0019, 8E-0019, 5E-0019, 8E-0019, 8E-0019, 5E-0019, 8E-0019, 8E-0018,61E-0019, 8E-0018,61E-0019, 3E-0019, 3E-0019, 8E-0019, 4E-0019, 8E-0019, 8E-0019, 8E-0019, 8E-0019, 8E-0019, 8E-0019, 8E-0019, 7E-0019, 8E-0018,61E-0019, 8E-0018,62E-0019, 8E-0019, 2E-0019, 8E-0019, 4E-0019, 8E-0019, 8E-0019, 4E-0019, 7E-0019, 8E-0019, 8E-0019, 8E-0019, 5E-0019, 8E-0018,61E-0019, 8E-0018,62E-0019, 8E-0019, 2E-0019, 8E-0019, 4E-0019, 8E-0019, 8E-0019, 8E-0019, 8E-0019, 8E-0019, 8E-0019, 8E-0019, 7E-0019, 8E-001
9,08E-0018,61E-0019, 8E-0018,71E-0019, 7E-0018,9 E-0019, 7E-0019, 5E-0019, 8E-0019, 5E-0019, 8E-0019, 5E-0019, 8E-0019, 5E-0019, 8E-0018,61E-0019, 8E-0018,61E-0019, 8E-0018,84E-0019, 8E-0018,87E-0019, 7E-0019, 5E-0019, 8E-0019, 5E-0019, 8E-0019, 5E-0019, 8E-0019, 5E-0019, 8E-0018,61E-0019, 7E-0018,62E-0019, 8E-0018,69E-0019, 8E-0018,77E-0019, 7E-0019, 5E-0019, 7E-0019, 6E-0019, 7E-0019, 5E-0019, 8E-0019, 6E-0019, 8E-0018,61E-0019, 8E-0018,62E-0019, 8E-0018,61E-0019, 8E-0018,79E-0019, 7E-0019, 5E-0019, 8E-0019, 6E-0019, 8E-0019, 5E-0019, 8E-0019, 6E-0019, 8E-001
9,09E-0018,61E-0019, 9E-0019, 3E-0019, 8E-0018,79E-0019, 8E-0019, 8E-0019, 9E-0019, 7E-0019, 9E-0019, 7E-0019, 8E-0019, 7E-0019, 8E-0018,61E-0019, 9E-0018,61E-0019, 9E-0018,6 E-0019, 8E-0018,97E-0019, 8E-0019, 8E-0019, 9E-0019, 5E-0019, 9E-0019, 8E-0019, 9E-0019, 8E-0019, 8E-0018,61E-0019, 9E-0018,62E-0019, 9E-0018,97E-0019, 9E-0018,97E-0019, 8E-0019, 8E-0019, 9E-0019, 8E-0019, 9E-0019, 8E-0019, 8E-0019, 7E-0019, 8E-0018,61E-0019, 9E-0018,61E-0019, 9E-0019, 9E-0018,78E-0019, 9E-0019, 8E-0019, 9E-0019, 8E-0019, 9E-0019, 8E-0019, 9E-0019, 7E-0019, 9E-001
9,07E-0018,61E-0019, 7E-0018,71E-0019, 7E-0018,91E-0019, 7E-0019, 5E-0019, 5E-0019, 5E-0019, 8E-0019, 5E-0019, 5E-0019, 5E-0019, 7E-0018,61E-0019, 7E-0018,61E-0019, 8E-0018,84E-0019, 7E-0018,87E-0019, 7E-0019, 5E-0019, 5E-0019, 5E-0019, 7E-0019, 5E-0019, 7E-0019, 5E-0019, 7E-0018,61E-0019, 7E-0018,62E-0019, 7E-0019, 4E-0019, 7E-0018,78E-0019, 7E-0019, 5E-0019, 7E-0019, 5E-0019, 7E-0019, 4E-0019, 7E-0019, 5E-0019, 5E-0018,61E-0019, 7E-0018,62E-0019, 7E-0018,6 E-0019, 5E-0018,8 E-0019, 7E-0019, 5E-0019, 8E-0019, 5E-0019, 7E-0019, 5E-0019, 8E-0019, 5E-0019, 7E-001




























)LJXUH  +HDW PDS VKRZLQJ RYHUDOO SHUIRUPDQFH RI WKH V\VWHP XVLQJ GLIIHUHQW VLPLODULW\ DQG QHZ HYHQW IHDWXUHV
XVLQJ EHVW WKUHVKROG IRU QHZ HYHQW GHWHFWLRQ 690
M/ b2i k = 10c i?mb- Ry }MH 2p2Mi +M/B/i2b `2 `2i`B2p2/ 7Q` 2+? BMi2`K2/Bi2 2p2Mi +Hmbi2`X
q2 mb2 i?Bb MmK#2` Q7 +M/B/i2b iQ HHQr 7Q` M 2t?mbiBp2 b2`+?X
HH 2tT2`BK2Mib `2 +QM/m+i2/ QM i?2 i`BMBM; b2i Q7 Qm` /ib2iX h?2 2t?mbiBp2 b2`+? Bb /QM2
mbBM; i?2 +QKTH2i2 i`BMBM; b2i M/ 2+? +QM};m`iBQM +Hmbi2`b i?2 r?QH2 b2iX
 5HVXOWV RI WKH ([KDXVWLYH 6HDUFK
AM i?Bb b2+iBQM- r2 T`2b2Mi Qm` }M/BM;b Q7 i?2 2t?mbiBp2 b2`+? BM i?2 }p2 /BK2MbBQMb K2MiBQM2/
#27Q`2X h?2`27Q`2- r2 ?p2 THQii2/ i?2 `2bmHib BM irQ ?2i KTbX h?2v `2 b?QrM BM 6B;m`2 3Xj
M/ 3X9X

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timecap timeupl geo tags title















































































































































































































































































































































































































9,03E-0018,62E-0019, 2E-0018,63E-0019, 1E-0018,81E-0019, 2E-0018,97E-0019, 2E-0018,96E-0019, 2E-0018,97E-0018,97E-0018,97E-0018,97E-0018,61E-0019, 3E-0018,62E-0018,7 E-0018,75E-0019, 2E-0019, E-0019, 3E-0018,96E-0019, 3E-0018,96E-0019, 3E-0019, E-0019, 2E-0018,97E-0019, 2E-0018,62E-0019, 2E-0018,62E-0019, 2E-0018,65E-0019, E-0018,69E-0019, 1E-0018,97E-0019, 2E-0018,98E-0019, 1E-0018,96E-0018,97E-0018,96E-0018,97E-0018,62E-0019, 1E-0018,62E-0019, 1E-0018,74E-0018,99E-0018,89E-0019, E-0018,96E-0018,99E-0018,96E-0019, 1E-0018,92E-0018,98E-0018,91E-0019, E-001
9,07E-0018,62E-0019, 6E-0018,83E-0019, 6E-0018,9 E-0019, 6E-0019, E-0019, 6E-0019, E-0019, 7E-0019, 1E-0019, 6E-0019, E-0019, 6E-0018,61E-0019, 6E-0018,62E-0019, 7E-0018,82E-0019, 6E-0018,89E-0019, 6E-0019, E-0019, 6E-0018,99E-0019, 6E-0019, E-0019, 6E-0019, E-0019, 6E-0018,62E-0019, 7E-0018,62E-0019, 6E-0018,82E-0019, 5E-0018,84E-0019, 5E-0018,99E-0019, 4E-0019, E-0019, 5E-0019, E-0019, 4E-0019, E-0019, 4E-0018,62E-0019, 4E-0018,62E-0019, 6E-0018,83E-0019, 4E-0018,85E-0019, 4E-0019, E-0019, 5E-0019, 1E-0019, 5E-0019, 1E-0019, 4E-0019, 1E-0019, 4E-001
9,03E-0018,62E-0019, 2E-0018,75E-0019, 1E-0018,78E-0019, 2E-0018,96E-0019, 2E-0018,97E-0019, 2E-0018,97E-0019, 2E-0018,97E-0019, 2E-0018,61E-0019, 3E-0018,61E-0019, 3E-0018,77E-0019, 2E-0018,82E-0019, 2E-0018,96E-0019, 3E-0018,95E-0019, 2E-0018,96E-0019, 2E-0018,96E-0019, 2E-0018,62E-0019, 2E-0018,62E-0019, 2E-0018,65E-0019, 2E-0018,68E-0019, 1E-0018,95E-0019, 1E-0018,94E-0019, 2E-0018,95E-0019, 2E-0018,95E-0019, 1E-0018,62E-0019, 3E-0018,62E-0019, 3E-0018,74E-0019, 2E-0018,77E-0019, 2E-0018,94E-0019, 3E-0018,94E-0019, 2E-0018,94E-0019, 2E-0018,94E-0019, 2E-001
9,08E-0018,62E-0019, 8E-0018,88E-0019, 6E-0018,93E-0019, 6E-0019, 2E-0019, 7E-0019, E-0019, 7E-0019, 3E-0019, 7E-0019, 3E-0019, 6E-0018,62E-0019, 7E-0018,62E-0019, 7E-0018,88E-0019, 6E-0018,93E-0019, 5E-0019, 1E-0018,99E-0019, 3E-0019, 6E-0019, 3E-0019, 6E-0019, 3E-0019, 6E-0018,62E-0019, 7E-0018,62E-0019, 6E-0018,85E-0019, 7E-0018,91E-0019, 7E-0019, 1E-0019, 4E-0019, 2E-0019, 4E-0019, 2E-0019, 6E-0019, 2E-0019, 6E-0018,62E-0019, 5E-0018,62E-0019, 5E-0018,84E-0019, 6E-0018,9 E-0019, 6E-0019, 2E-0018,99E-0019, 2E-0018,99E-0019, 2E-0019, 6E-0019, 2E-0019, 6E-001
9,06E-0018,62E-0019, 6E-0018,71E-0019, 5E-0018,73E-0019, 5E-0018,94E-0019, 6E-0018,94E-0019, 7E-0018,94E-0019, 6E-0018,94E-0019, 6E-0018,61E-0019, 6E-0018,62E-0019, 6E-0018,67E-0019, 5E-0018,75E-0019, 5E-0018,92E-0019, 6E-0018,95E-0019, 6E-0018,94E-0019, 6E-0018,93E-0019, 6E-0018,62E-0019, 5E-0018,61E-0019, 5E-0018,68E-0019, 4E-0018,68E-0019, 4E-0018,94E-0019, 4E-0018,94E-0019, 4E-0018,94E-0019, 3E-0018,94E-0019, 3E-0018,62E-0019, 6E-0018,62E-0019, 6E-0018,66E-0019, 5E-0018,62E-0019, 5E-0018,93E-0019, 5E-0018,93E-0019, 5E-0018,91E-0019, 4E-0018,91E-0019, 4E-001
9,07E-0018,62E-0019, 7E-0018,76E-0019, 7E-0018,83E-0019, 7E-0018,96E-0019, 6E-0018,96E-0019, 6E-0018,97E-0019, 6E-0018,97E-0019, 6E-0018,61E-0019, 7E-0018,62E-0019, 7E-0018,76E-0019, 6E-0018,83E-0019, 6E-0018,96E-0019, 6E-0018,96E-0019, 6E-0018,97E-0019, 6E-0018,97E-0019, 6E-0018,62E-0019, 6E-0018,63E-0019, 6E-0018,77E-0019, 7E-0018,85E-0019, 7E-0018,96E-0018,99E-0018,97E-0018,99E-0018,98E-0019, 4E-0018,98E-0019, 4E-0018,62E-0019, 5E-0018,62E-0019, 5E-0018,78E-0019, 6E-0018,82E-0019, 6E-0018,96E-0018,99E-0018,97E-0018,99E-0018,98E-0019, 6E-0018,98E-0019, 6E-001
9,07E-0018,62E-0019, 7E-0018,71E-0019, 6E-0018,7 E-0019, 6E-0018,93E-0019, 6E-0018,93E-0019, 6E-0018,93E-0019, 6E-0018,93E-0019, 6E-0018,61E-0019, 7E-0018,61E-0019, 7E-0018,62E-0019, 6E-0018,72E-0019, 6E-0018,91E-0019, 6E-0018,92E-0019, 6E-0018,92E-0019, 6E-0018,92E-0019, 6E-0018,62E-0019, 6E-0018,62E-0019, 6E-0018,63E-0019, 4E-0018,66E-0019, 4E-0018,92E-0019, 6E-0018,92E-0019, 6E-0018,92E-0019, 5E-0018,92E-0019, 5E-0018,62E-0019, 7E-0018,62E-0019, 7E-0018,63E-0019, 5E-0018,69E-0019, 5E-0018,91E-0019, 6E-0018,91E-0019, 6E-0018,89E-0019, 5E-0018,89E-0019, 5E-001




8,82E-0018,62E-0018,82E-0018,63E-0018,81E-0018,64E-0018,81E-0018,71E-0018,82E-0018,72E-0018,81E-0018,72E-0018,82E-0018,72E-0018,82E-0018,61E-0018,8 E-0018,62E-0018,82E-0018,63E-0018,81E-0018,64E-0018,82E-0018,71E-0018,82E-0018,72E-0018,81E-0018,72E-0018,82E-0018,72E-0018,82E-0018,62E-0018,81E-0018,62E-0018,82E-0018,63E-0018,81E-0018,62E-0018,81E-0018,72E-0018,81E-0018,71E-0018,81E-0018,71E-0018,82E-0018,71E-0018,82E-0018,62E-0018,8 E-0018,62E-0018,79E-0018,63E-0018,81E-0018,63E-0018,81E-0018,72E-0018,81E-0018,72E-0018,82E-0018,71E-0018,8 E-0018,71E-0018,8 E-001
8,62E-0018,62E-0018,62E-0018,61E-0018,62E-0018,61E-0018,62E-0018,61E-0018,62E-0018,61E-0018,62E-0018,61E-0018,62E-0018,61E-0018,62E-0018,61E-0018,62E-0018,62E-0018,62E-0018,61E-0018,62E-0018,61E-0018,62E-0018,61E-0018,62E-0018,61E-0018,62E-0018,61E-0018,62E-0018,61E-0018,62E-0018,62E-0018,61E-0018,62E-0018,61E-0018,62E-0018,61E-0018,62E-0018,61E-0018,61E-0018,61E-0018,61E-0018,61E-0018,62E-0018,62E-0018,62E-0018,62E-0018,62E-0018,61E-0018,61E-0018,61E-0018,62E-0018,61E-0018,62E-0018,61E-0018,61E-0018,61E-0018,61E-0018,61E-0018,61E-0018,62E-0018,61E-0018,62E-001
8,70E-0018,62E-0018,7 E-0018,61E-0018,7 E-0018,62E-0018,7 E-0018,61E-0018,7 E-0018,64E-0018,69E-0018,62E-0018,68E-0018,64E-0018,69E-0018,61E-0018,7 E-0018,62E-0018,7 E-0018,62E-0018,69E-0018,63E-0018,69E-0018,62E-0018,69E-0018,64E-0018,69E-0018,62E-0018,69E-0018,63E-0018,69E-0018,62E-0018,68E-0018,64E-0018,68E-0018,63E-0018,69E-0018,63E-0018,69E-0018,63E-0018,69E-0018,63E-0018,67E-0018,62E-0018,68E-0018,63E-0018,68E-0018,62E-0018,68E-0018,64E-0018,69E-0018,62E-0018,69E-0018,63E-0018,69E-0018,63E-0018,69E-0018,63E-0018,67E-0018,62E-0018,69E-0018,62E-0018,69E-001
8,62E-0018,62E-0018,64E-0018,62E-0018,63E-0018,61E-0018,63E-0018,61E-0018,62E-0018,61E-0018,63E-0018,61E-0018,62E-0018,61E-0018,63E-0018,61E-0018,62E-0018,62E-0018,62E-0018,62E-0018,62E-0018,61E-0018,62E-0018,61E-0018,62E-0018,61E-0018,62E-0018,62E-0018,62E-0018,62E-0018,62E-0018,61E-0018,62E-0018,61E-0018,62E-0018,61E-0018,62E-0018,61E-0018,62E-0018,62E-0018,62E-0018,62E-0018,62E-0018,62E-0018,62E-0018,62E-0018,62E-0018,61E-0018,62E-0018,61E-0018,62E-0018,62E-0018,62E-0018,62E-0018,62E-0018,62E-0018,62E-0018,62E-0018,62E-0018,62E-0018,62E-0018,62E-0018,62E-001
8,70E-0018,62E-0018,7 E-0018,62E-0018,69E-0018,62E-0018,69E-0018,63E-0018,69E-0018,63E-0018,69E-0018,63E-0018,69E-0018,63E-0018,69E-0018,61E-0018,7 E-0018,61E-0018,7 E-0018,62E-0018,7 E-0018,62E-0018,7 E-0018,63E-0018,69E-0018,63E-0018,69E-0018,63E-0018,69E-0018,63E-0018,69E-0018,62E-0018,7 E-0018,62E-0018,7 E-0018,62E-0018,7 E-0018,63E-0018,7 E-0018,64E-0018,71E-0018,64E-0018,7 E-0018,63E-0018,7 E-0018,63E-0018,7 E-0018,62E-0018,7 E-0018,62E-0018,7 E-0018,62E-0018,7 E-0018,62E-0018,7 E-0018,64E-0018,71E-0018,64E-0018,71E-0018,63E-0018,7 E-0018,63E-0018,7 E-001
9,06E-0018,62E-0019, 6E-0018,76E-0019, 5E-0018,82E-0019, 5E-0018,96E-0019, 5E-0018,96E-0019, 5E-0018,95E-0019, 5E-0018,95E-0019, 5E-0018,61E-0018,61E-0018,62E-0018,7 E-0018,77E-0018,77E-0018,98E-0019, 5E-0018,94E-0019, 4E-0018,96E-0019, 4E-0018,95E-0018,96E-0018,96E-0018,78E-0018,62E-0019, 2E-0018,62E-0019, 6E-0018,65E-0019, 5E-0018,79E-0019, 5E-0018,96E-0019, 2E-0018,95E-0019, 5E-0018,95E-0019, 5E-0018,94E-0019, 5E-0018,62E-0019, 4E-0019, 3E-0019, 4E-0018,72E-0019, 5E-0018,8 E-0019, 5E-0018,93E-0019, 3E-0018,93E-0019, 3E-0019, 2E-0019, 5E-0018,93E-0019, 5E-001
9,07E-0018,62E-0019, 7E-0018,84E-0019, 6E-0018,89E-0019, 6E-0019, E-0019, 5E-0019, 1E-0019, 6E-0019, 1E-0019, 6E-0019, 2E-0019, 6E-0018,61E-0019, 7E-0018,62E-0019, 7E-0018,86E-0019, 5E-0018,9 E-0019, 5E-0019, E-0019, 4E-0019, E-0019, 4E-0019, 1E-0019, 4E-0019, 2E-0019, 4E-0018,62E-0019, 7E-0018,62E-0019, 7E-0018,85E-0019, 5E-0018,87E-0019, 5E-0019, E-0019, 6E-0019, 1E-0019, 6E-0019, E-0019, 6E-0019, E-0019, 6E-0018,62E-0019, 6E-0018,62E-0019, 6E-0018,85E-0019, 3E-0018,87E-0019, 3E-0019, E-0019, 4E-0019, E-0019, 4E-0019, E-0019, 4E-0019, E-0019, 4E-001
9,06E-0018,62E-0019, 6E-0018,75E-0019, 5E-0018,81E-0019, 5E-0018,96E-0019, 5E-0018,97E-0019, 5E-0018,96E-0019, 4E-0018,97E-0019, 4E-0018,61E-0019, 6E-0018,62E-0019, 6E-0018,75E-0019, 4E-0018,8 E-0019, 4E-0018,95E-0019, 4E-0018,98E-0019, 4E-0018,96E-0019, 5E-0018,97E-0019, 5E-0018,62E-0019, 5E-0018,62E-0019, 5E-0018,64E-0019, 4E-0018,79E-0019, 4E-0018,94E-0019, 4E-0018,96E-0019, 3E-0018,94E-0019, 4E-0018,93E-0019, 4E-0018,62E-0019, 5E-0018,62E-0019, 5E-0018,71E-0019, 5E-0018,79E-0019, 5E-0018,91E-0019, 4E-0018,93E-0019, 3E-0018,91E-0019, 5E-0018,92E-0019, 5E-001
9,08E-0018,62E-0019, 8E-0018,97E-0019, 7E-0019, E-0019, 7E-0019, 5E-0019, 7E-0019, 6E-0019, 8E-0019, 5E-0019, 7E-0019, 5E-0019, 7E-0018,61E-0019, 7E-0018,61E-0019, 7E-0018,95E-0019, 7E-0018,98E-0019, 7E-0019, 6E-0019, 7E-0019, 6E-0019, 7E-0019, 6E-0019, 7E-0019, 5E-0019, 7E-0018,62E-0019, 8E-0018,62E-0019, 8E-0018,93E-0019, 8E-0018,97E-0019, 8E-0019, 6E-0019, 7E-0019, 6E-0019, 7E-0019, 5E-0019, 7E-0019, 5E-0019, 7E-0018,62E-0019, 8E-0018,62E-0019, 8E-0018,94E-0019, 7E-0018,99E-0019, 7E-0019, 5E-0019, 8E-0019, 5E-0019, 8E-0019, 5E-0019, 8E-0019, 5E-0019, 8E-001
9,08E-0018,62E-0019, 8E-0018,76E-0019, 7E-0018,78E-0019, 7E-0018,93E-0019, 7E-0018,94E-0019, 7E-0018,93E-0019, 7E-0018,94E-0019, 7E-0018,61E-0019, 7E-0018,62E-0019, 8E-0018,74E-0019, 7E-0018,78E-0019, 7E-0018,94E-0019, 7E-0018,95E-0019, 7E-0018,94E-0019, 7E-0018,93E-0019, 7E-0018,62E-0019, 7E-0018,61E-0019, 7E-0018,66E-0019, 7E-0018,72E-0019, 7E-0018,93E-0019, 7E-0018,95E-0019, 7E-0018,94E-0019, 7E-0018,94E-0019, 7E-0018,62E-0019, 8E-0018,62E-0019, 8E-0018,66E-0019, 7E-0018,76E-0019, 7E-0018,93E-0019, 5E-0018,93E-0019, 6E-0018,93E-0019, 7E-0018,93E-0019, 7E-001
9,08E-0018,62E-0019, 8E-0018,85E-0019, 7E-0018,88E-0019, 7E-0018,98E-0019, 7E-0018,99E-0019, 6E-0019, E-0019, 7E-0019, E-0019, 6E-0018,61E-0019, 8E-0018,62E-0019, 8E-0018,86E-0019, 8E-0018,87E-0019, 8E-0018,97E-0019, 7E-0018,98E-0019, 7E-0018,99E-0019, 7E-0018,99E-0019, 7E-0018,62E-0019, 7E-0018,63E-0019, 7E-0018,87E-0019, 7E-0018,86E-0019, 7E-0018,99E-0019, 7E-0018,99E-0019, 6E-0018,99E-0019, 7E-0018,99E-0019, 6E-0018,62E-0019, 8E-0018,62E-0019, 8E-0018,76E-0019, 8E-0018,85E-0019, 8E-0018,99E-0019, 6E-0018,98E-0019, 6E-0018,98E-0019, 7E-0018,98E-0019, 7E-001
9,08E-0018,62E-0019, 8E-0018,76E-0019, 7E-0018,77E-0019, 7E-0018,94E-0019, 6E-0018,94E-0019, 5E-0018,96E-0019, 6E-0018,96E-0019, 6E-0018,61E-0019, 8E-0018,62E-0019, 8E-0018,74E-0019, 7E-0018,77E-0019, 7E-0018,94E-0019, 6E-0018,95E-0019, 6E-0018,93E-0019, 6E-0018,93E-0019, 6E-0018,62E-0019, 7E-0018,61E-0019, 7E-0018,68E-0019, 6E-0018,67E-0019, 6E-0018,94E-0019, 5E-0018,76E-0019, 5E-0018,92E-0019, 5E-0018,92E-0019, 5E-0018,62E-0019, 7E-0018,62E-0019, 7E-0018,71E-0019, 5E-0018,66E-0019, 5E-0018,89E-0019, 6E-0018,9 E-0019, 6E-0018,92E-0019, 5E-0018,92E-0019, 5E-001
9,09E-0018,62E-0019, 9E-0018,97E-0019, 8E-0018,97E-0019, 8E-0019, 4E-0019, 8E-0019, 4E-0019, 8E-0019, 4E-0019, 8E-0019, 4E-0019, 8E-0018,61E-0019, 9E-0018,62E-0019, 9E-0018,96E-0019, 9E-0018,97E-0019, 9E-0019, 3E-0019, 8E-0019, 4E-0019, 8E-0019, 4E-0019, 8E-0019, 4E-0019, 8E-0018,62E-0019, 9E-0018,62E-0019, 9E-0018,96E-0019, 9E-0018,96E-0019, 9E-0019, 4E-0019, 8E-0019, 4E-0019, 8E-0019, 4E-0019, 8E-0019, 4E-0019, 8E-0018,62E-0019, 8E-0018,63E-0019, 8E-0018,96E-0019, 7E-0018,96E-0019, 7E-0019, 2E-0019, 8E-0019, 3E-0019, 8E-0019, 4E-0019, 8E-0019, 4E-0019, 8E-001
8,81E-0018,62E-0018,8 E-0018,61E-0018,8 E-0018,61E-0018,8 E-0018,63E-0018,8 E-0018,63E-0018,8 E-0018,63E-0018,81E-0018,64E-0018,8 E-0018,61E-0018,81E-0018,61E-0018,81E-0018,61E-0018,79E-0018,61E-0018,8 E-0018,63E-0018,81E-0018,64E-0018,81E-0018,63E-0018,81E-0018,64E-0018,81E-0018,62E-0018,8 E-0018,62E-0018,81E-0018,62E-0018,8 E-0018,62E-0018,81E-0018,64E-0018,81E-0018,64E-0018,81E-0018,64E-0018,8 E-0018,64E-0018,8 E-0018,62E-0018,8 E-0018,61E-0018,81E-0018,61E-0018,8 E-0018,61E-0018,81E-0018,63E-0018,81E-0018,63E-0018,8 E-0018,63E-0018,8 E-0018,63E-0018,8 E-001
8,82E-0018,62E-0018,81E-0018,62E-0018,81E-0018,62E-0018,81E-0018,71E-0018,82E-0018,73E-0018,82E-0018,73E-0018,82E-0018,73E-0018,82E-0018,61E-0018,82E-0018,62E-0018,81E-0018,62E-0018,81E-0018,62E-0018,8 E-0018,71E-0018,81E-0018,73E-0018,81E-0018,72E-0018,81E-0018,72E-0018,81E-0018,62E-0018,81E-0018,62E-0018,81E-0018,62E-0018,81E-0018,63E-0018,81E-0018,73E-0018,82E-0018,73E-0018,82E-0018,72E-0018,82E-0018,72E-0018,82E-0018,62E-0018,8 E-0018,62E-0018,81E-0018,61E-0018,8 E-0018,62E-0018,8 E-0018,74E-0018,81E-0018,73E-0018,81E-0018,72E-0018,81E-0018,72E-0018,81E-001
8,82E-0018,62E-0018,81E-0018,61E-0018,81E-0018,61E-0018,81E-0018,62E-0018,8 E-0018,63E-0018,81E-0018,63E-0018,81E-0018,63E-0018,81E-0018,61E-0018,8 E-0018,61E-0018,8 E-0018,61E-0018,8 E-0018,61E-0018,8 E-0018,63E-0018,81E-0018,63E-0018,81E-0018,63E-0018,8 E-0018,63E-0018,8 E-0018,61E-0018,78E-0018,61E-0018,77E-0018,61E-0018,77E-0018,6 E-0018,77E-0018,62E-0018,78E-0018,62E-0018,76E-0018,62E-0018,77E-0018,62E-0018,77E-0018,61E-0018,77E-0018,61E-0018,77E-0018,61E-0018,76E-0018,61E-0018,77E-0018,62E-0018,77E-0018,62E-0018,77E-0018,62E-0018,77E-0018,62E-0018,77E-001
8,81E-0018,62E-0018,8 E-0018,75E-0018,8 E-0018,74E-0018,8 E-0018,76E-0018,8 E-0018,78E-0018,8 E-0018,79E-0018,8 E-0018,79E-0018,8 E-0018,61E-0018,81E-0018,62E-0018,8 E-0018,74E-0018,8 E-0018,74E-0018,8 E-0018,77E-0018,81E-0018,79E-0018,8 E-0018,8 E-0018,8 E-0018,8 E-0018,8 E-0018,62E-0018,8 E-0018,62E-0018,8 E-0018,73E-0018,8 E-0018,73E-0018,8 E-0018,76E-0018,8 E-0018,78E-0018,8 E-0018,78E-0018,79E-0018,78E-0018,79E-0018,62E-0018,79E-0018,62E-0018,79E-0018,74E-0018,8 E-0018,73E-0018,8 E-0018,75E-0018,79E-0018,77E-0018,79E-0018,77E-0018,79E-0018,77E-0018,79E-001
8,61E-0018,62E-0018,62E-0018,61E-0018,62E-0018,61E-0018,62E-0018,61E-0018,62E-0018,62E-0018,62E-0018,62E-0018,62E-0018,62E-0018,62E-0018,61E-0018,61E-0018,62E-0018,61E-0018,61E-0018,62E-0018,62E-0018,62E-0018,61E-0018,61E-0018,62E-0018,62E-0018,61E-0018,62E-0018,62E-0018,62E-0018,62E-0018,62E-0018,61E-0018,62E-0018,61E-0018,61E-0018,6 E-0018,62E-0018,62E-0018,62E-0018,61E-0018,62E-0018,62E-0018,62E-0018,62E-0018,62E-0018,62E-0018,62E-0018,61E-0018,62E-0018,62E-0018,62E-0018,62E-0018,62E-0018,61E-0018,62E-0018,61E-0018,62E-0018,61E-0018,62E-0018,62E-0018,62E-001
8,62E-0018,62E-0018,63E-0018,62E-0018,63E-0018,62E-0018,63E-0018,61E-0018,63E-0018,63E-0018,63E-0018,62E-0018,63E-0018,62E-0018,63E-0018,61E-0018,62E-0018,62E-0018,63E-0018,62E-0018,63E-0018,62E-0018,63E-0018,61E-0018,63E-0018,63E-0018,63E-0018,62E-0018,63E-0018,63E-0018,63E-0018,62E-0018,62E-0018,62E-0018,63E-0018,63E-0018,63E-0018,63E-0018,63E-0018,62E-0018,63E-0018,63E-0018,63E-0018,63E-0018,63E-0018,63E-0018,63E-0018,62E-0018,62E-0018,62E-0018,63E-0018,62E-0018,62E-0018,63E-0018,62E-0018,62E-0018,63E-0018,63E-0018,63E-0018,63E-0018,63E-0018,63E-0018,63E-001





















)LJXUH  +HDW PDS VKRZLQJ RYHUDOO SHUIRUPDQFH RI WKH V\VWHP XVLQJ GLIIHUHQW VLPLODULW\ DQG QHZ HYHQW IHDWXUHV
XVLQJ EHVW WKUHVKROG IRU QHZ HYHQW GHWHFWLRQ 'HFLVLRQ 7UHH
AM #Qi? ?2i KTb- i?2 BM/BpB/mH TQBMib BM i?2 Ki`Bt `2T`2b2Mi i?2 `2bmHib 7Q` QM2 }MH +Hmb@
i2`BM; BM i2`Kb Q7 6@K2bm`2X PM i?2 x@tBb- r2 THQi i?2 72im`2 +QK#BMiBQMb r?B+? r2`2 mb2/
7Q` i?2 M2r 2p2Mi /2i2+iBQM +HbbB}2`X PM i?2 y@tBb- i?2 bBM;H2 bBKBH`Biv 72im`2b mb2/ 7Q` i?2
i`BMBM; M/ T`2/B+iBQM Q7 i?2 Qp2`HH bBKBH`Biv +HbbB}2` `2 /2TB+i2/X h?2 BM/BpB/mH pHm2b
7Q` i?2 Qp2`HH T2`7Q`KM+2 b?Qrb i?2 #2bi `2bmHib +?B2p2/ mbBM; i?2 #2bi M2r 2p2Mi /2i2+iBQM
i?`2b?QH/ i?i ?b #22M /2i2`KBM2/ 7Q` i?2 72im`2 +QK#BMiBQMb BM [m2biBQMX h?2 ;`T?B+ BM
6B;m`2 3Xj THQib i?2 `2bmHib r?2M mbBM;  biM/`/ aoJ b #Qi? +HbbB}2`bX h?2 ;`T?B+ BM
6B;m`2 3X9 b?Qrb i?2 `2bmHib r?2M mbBM;  .2+BbBQM h`22 b +HbbB}2` 7Q` #Qi? +HbbB}+iBQM
T`Q#H2KbX
Pp2`HH- r2 b22 i?i #Qi? +HbbB}2`b +M #2 mb2/ iQ bQHp2 i?2 T`Q#H2KX h?2 #2bi T2`7Q`KBM;
b2iiBM;b 7Q` i?2 amTTQ`i o2+iQ` J+?BM2 `2bmHi BM M Qp2`HH T2`7Q`KM+2 Q7 NRXyW BM i2`Kb Q7 6@

&KDSWHU  ([SHULPHQWDO 6HWXS DQG 5HVXOWV RI 6XSHUYLVHG 0XOWL3DVV &OXVWHULQJ
7DEOH  %HVW SHUIRUPDQFH RQ RYHUDOO WDVN RQ WUDLQLQJ VHW XVLQJ GLIIHUHQW VLPLODULW\ IHDWXUHV DQG VLPLODULW\ IHDWXUH
FRPELQDWLRQV






h;b Y hBiH2 yXNR yXNyd
HH yXNyd yXNyk
K2bm`2X lbBM; .2+BbBQM h`22b b +HbbB}2`b `2bmHib BM  bHB;?iHv HQr2` T2`7Q`KM+2 U6@K2bm`2,
NyXNWV- #mi i?2 /Bz2`2M+2b `2 KBMBKHX q2 /B/ MQi THQi i?2 +b2b r?2`2 QM2 +HbbB}+iBQM
/2+BbBQM Bb K/2 mbBM;  amTTQ`i o2+iQ` J+?BM2 M/ i?2 b2+QM/ mbBM;  .2+BbBQM h`22 Q`
pB+2 p2`bX h?2 `2bmHib Q7 i?2b2 +QK#BMiBQMb `2+? +QKT`#H2 `2bmHib iQ i?2 QM2 mbBM; QMHv
QM2 +HbbB}2` ivT2 7Q` #Qi? /2+BbBQM T`Q#H2Kb U#Qi? +QK#BMiBQMb `2+?  6@K2bm`2 Q7 #Qmi
NyXNWVX
Ai Bb KQ`2 BMi2`2biBM; iQ iF2  HQQF i i?2 72im`2b iQ #2 mb2/ 7Q` i?2 /2+BbBQMb- bBM+2 i?2v `2
/Bz2`2Mi /2T2M/BM; QM i?2 mb2/ +HbbB}2`X _2;`/BM; QMHv i?2 bBM;H2 bBKBH`Biv 72im`2b mb2/
b Qp2`HH bBKBH`Biv K2bm`2- r2 Q#b2`p2 i?i bQK2 Q7 i?2 bBM;H2 bBKBH`Biv 72im`2b `2 BM/22/
#2ii2` i?M Qi?2`b BM ?2HTBM; iQ bQHp2 i?2 T`Q#H2KX h?2 pHm2b BM i2`Kb Q7 6@K2bm`2 7Q` i?2
bBM;H2 72im`2b BM [m2biBQM b r2HH b i?2 #2bi T2`7Q`KBM; +QK#BMiBQM 7Q` #Qi? ivT2b Q7 +HbbB}2`b
`2 b?QrM BM h#H2 3XjX h?2`2 r2 +M Q#b2`p2 i?i i?2 mb;2 Q7 i?2 iBK2 72im`2b bBKBH`BiB2b Bb
MQi p2`v 2z2+iBp2X h?2 `2bQM 7Q` i?Bb HB2b BM ?Qr i?2 BMi2`K2/Bi2 +Hmbi2`BM; ?b #22M +`2i2/c
?2`2- i?2 iBK2 BM7Q`KiBQM rb mb2/ M/ Bi Bb i?mb H2bb 2z2+iBp2 7Q` 7m`i?2` K2`;BM;X b #Qi?
iBK2 72im`2b `2 MQ KQ`2 2z2+iBp2 7Q` bQHpBM; i?2 Qp2`HH T`Q#H2K- r2 +QM+Hm/2 i?i i?2`2 Bb
 /B`2+i biiBbiB+H /2T2M/2M+v #2ir22M i?2 irQ iBK2biKTbX Pi?2` 72im`2b `2 KQ`2 2z2+iBp2-
2X ;X mbBM; i?2 iBiH2 BM7Q`KiBQM HHQrb  bHB;?iHv #2ii2` T2`7Q`KM+2X L2p2`i?2H2bb- i?Bb 72im`2
QMHv ?b p2`v HQr BKT+i B7 mb2/ HQM2 M/ MQi BM +QMDmM+iBQM rBi? Qi?2` 72im`2bX
h?2 Qi?2` irQ `2KBMBM; 72im`2b BM+Q`TQ`iBM; ;2Q;`T?B+ BM7Q`KiBQM M/ i;b HQQF KQ`2
T`QKBbBM;X L2p2`i?2H2bb- r2 HbQ b22 ;`2i /Bz2`2M+2b BM i?2 T2`7Q`KM+2 Q7 #Qi?X q2 b22 i?i
i?2 b2+QM/@#2bi bBKBH`Biv 72im`2 Bb ;2Q;`T?B+ HQ+iBQMX h?Bb 72im`2 ?b Bib HBKBiiBQMb b
KMv BMi2`K2/Bi2 2p2Mi +Hmbi2`b U#Qmi 88WV biBHH H+F i?Bb 72im`2 2p2M B7 M BMi2`K2/Bi2
+Hmbi2`BM; ?b #22M +`2i2/X h?Bb 2tTHBMb p2`v r2HH r?v i?2 T2`7Q`KM+2 BM+`2b2 Bb HBKBi2/
r?2M mbBM; i?Bb 72im`2X
6` M/ rv i?2 #2bi bBM;H2 bBKBH`Biv 72im`2 Bb i?2 QM2 #b2/ QM i?2 i;b bbB;M2/ iQ i?2
/i TQBMibX h?Bb 72im`2 ?b i?2 ;`2i2bi BKT+i QM i?2 +HbbB}+iBQM T`Q+2bbX q2 b22 #Qi?
BM 6B;m`2 3Xj M/ 3X9 i?i Mv +QK#BMiBQM Q7 72im`2b r?B+? BM+Hm/2 i?2 i; bBKBH`Biv `2+?2b
;QQ/ `2bmHibX q2 rQmH/ MiB+BTi2  #2ii2` T2`7Q`KM+2 7Q` i?2 +QK#BMiBQM Q7 i?2 i; M/
;2Q;`T?B+ HQ+iBQM 72im`2bX >Qr2p2`- i?Bb Bb MQi i?2 +b2X h?2`27Q`2- r2 +QM+Hm/2 i?i i?2 mb2


















)LJXUH  /HDUQHG GHFLVLRQ ERXQGDU\ RI 690 XVLQJ FRPELQDWLRQ RI VLPWDJV RU VLPWLWOH
Q7 i?2 i; 72im`2 H`2/v Bb bm{+B2Mi 2MQm;? iQ +Q``2+iHv +HbbB7v i?2 /Q+mK2Mib BM [m2biBQM
r?2`2 i?2 ;2Q;`T?B+ HQ+iBQM rQmH/ HbQ #2 ?2HT7mH 7Q` i?2 /2+BbBQMX Pp2`HH- i?2 }MH #2bi
T2`7Q`KBM; b2iiBM;b mb2 2Bi?2`  +QK#BMiBQM Q7 simi;b Q` simiBiH2 U7Q` i?2 aoJV Q` simi;b U7Q`
i?2 .2+BbBQM h`22V b 72im`2bX
AM 6B;m`2 3X8 r2 ?p2 ;`T?B+HHv b?QrM i?2 T`Q#H2K iQ #2 bQHp2/ #v i?2 aoJX Ai /2TB+ib i?2
/i TQBMib 7`QK i?2 i2bi b2i Q7 i?2 irQ +Hbb2b b r2HH b i?2 /2+BbBQM #QmM/`v 7Q` i?2 simi;b
M/ simiBiH2 +QK#BMiBQM H2`M2/ QM i?2 i`BMBM; b2iX q2 +M b22 i?i  HBM2` b2T`iBQM Q7 i?2
irQ +Hbb2b Bb TQbbB#H2 M/ i?i i?2 MmK#2` Q7 KBb+HbbB}+iBQMb Bb ++2Ti#H2X q2 HbQ /2TB+i2/
i?2 #2bi T2`7Q`KBM; .2+BbBQM h`22 mbBM; i?2 simi;b 72im`2c i?Bb Bb b?QrM BM 6B;m`2 3XeX AM
i?Bb i`22- i?2 MmK#2` Q7 bKTH2b M/ i?2 BKTm`Biv Bb ;Bp2M 7Q` 2+? MQ/2X b i?2 BKTm`Biv Bb
#b2/ QM i?2 :BMB BKTm`Biv- Bi Bb /2MQi2/ b :BMB BM i?2 };m`2X q2 +M b22 i?i i?2 BKTm`Biv
7Q` KMv H27b BM+Hm/BM; KMv bKTH2b Bb HQr- i?mb b?QrBM; i?i i?2 /2+BbBQM KQ/2H +M /2+B/2
r2HH #2ir22M i?2 irQ +Hbb2bX
_2;`/BM; i?2 72im`2b 7Q` i?2 M2r 2p2Mi /2i2+iBQM r2 `2+? i?2 bK2 +QM+HmbBQM b `2;`/BM;
i?2 bBKBH`Biv 72im`2bX h?2 `2bmHib 7Q` i?2 bBM;H2 72im`2b M/ i?2 #2bi T2`7Q`KBM; +QK#BMiBQMb
`2 b?QrM BM h#H2 3X9X
q2 +M /2/m+2 7`QK i?2 ?2i KTb M/ i?2 h#H2 3X9 i?i i?2 M2r 2p2Mi /2i2+iBQM 72im`2b






















































































































































































)LJXUH  'HFLVLRQ 7UHH RI WKH VLPLODULW\ GHFLVLRQ XVLQJ WDJ IHDWXUH RQO\ EHVW SHUIRUPLQJ RQ RYHUDOO WDVN

 &OXVWHULQJ )UDPHZRUN LQ 7ZR3DVV 0RGH ŋ 2SWLPL]DWLRQ
7DEOH  %HVW SHUIRUPDQFH RQ RYHUDOO WDVN RQ WUDLQLQJ VHW XVLQJ GLIIHUHQW QHZ HYHQW GHWHFWLRQ IHDWXUHV







Kt Y p; Y KtmTH yXNRyR yXNy3d
Kt Y KBM Y KtmTH yXNyNd yXNyN9
HH yXNyN3 yXNy3k
KBM- Kt+T- M/ KtmTH `2 MQi ;QQ/ 72im`2b 7Q` i?2 i`BMBM; Q7  +HbbB}2` KQ/2H 7Q` i?2
+Q``2+i T`2/B+iBQM Q7 r?2i?2` iQ +`2i2  M2r 2p2Mi Q` MQiX h?2b2 72im`2b b?Qr  p2`v TQQ`
T2`7Q`KM+2 r?2M mb2/ rBi?Qmi i?2 +QK#BMiBQM rBi? Qi?2` 72im`2bX "mi 2p2M BM +QMDmM+iBQM
rBi? Qi?2` #2ii2` T2`7Q`KBM; 72im`2b- i?2b2 72im`2b /Q MQi ?p2  #B; BKT+i QM i?2 Qp2`HH
T2`7Q`KM+2X  HQQF i i?2 pHm2b BM i?2 ?2i KTb b?Qrb i?i Qi?2` 72im`2b bmBi  HQi #2ii2`
iQ bQHp2 i?2 T`Q#H2KX
1p2M i?Qm;?  +QK#BMiBQM Q7 i?`22 72im`2b UKt- p;- M/ KtmTH mbBM;  aoJ M/ Kt-
KBM- M/ KtmTH mbBM;  .2+BbBQM h`22V `2bmHib BM i?2 #2bi Qp2`HH T2`7Q`KM+2- i?2 /BbiM+2 iQ
i?2 T2`7Q`KM+2 Q7 i?2 +HbbB}2` i`BM2/ QMHv mbBM; i?2 Kt 72im`2 Bb KBMBKHX h?2`27Q`2- r2
+M [m2biBQM i?2 mb;2 Q7 b2p2`H 72im`2b 7Q` i?Bb +HbbB}+iBQM ibF BMiQ [m2biBQM M/ 7pQ` i?2
mb;2 Q7 i?2 bBM;H2 72im`2 max Qp2` i?2 +QK#BMiBQM Q7 72im`2bX
hFBM;  HQQF i i?2 /i TQBMib BM 6B;m`2 3X8 b?Qrb i?i i?2 mb;2 Q7  HBM2` F2`M2H Bb bm{@
+B2Mi iQ bQHp2 i?2 T`Q#H2KX h?2 2{+B2M+v Q7 i?2 HBM2` F2`M2H +M HbQ #2 b22M BM 6B;m`2 3X8X
1tT2`BK2Mib mbBM; #Qi? F2`M2Hb b?Qr i?i i?2 Qp2`HH T2`7Q`KM+2 Bb +QKT`#H2 rBi? 2Bi?2`
F2`M2H mb2/X h?2 /2+BbBQM #QmM/`B2b 7QmM/ mbBM; #Qi? F2`M2Hb `2 HKQbi B/2MiB+HX
Pp2`HH- Qm` }M/BM;b `2 p2`v BMi2`2biBM; b i?2 MmK#2` Q7 72im`2b i?i `2 /Bb+`BKBMiBp2
2MQm;? iQ 2Mbm`2  7m`i?2` +Hmbi2`BM; Bb HBKBi2/X +imHHv- i?2 T`Q#H2Kb `2 bQHp#H2 mbBM;
QM2 72im`2 T2` T`Q#H2KX b  +QMb2[m2M+2- r2 /Qm#i i?i i?2 //BiBQM Q7 MQi?2` +Hmbi2`BM;
Tbb +M K2HBQ`i2 i?2 Qp2`HH +Hmbi2`BM; 7m`i?2`- mMH2bb Qi?2` M/ M2r bmBi#H2 72im`2b 7Q`
K2bm`BM; bBKBH`Biv `2 mb2/X
 2SWLPL]DWLRQ RI &DQGLGDWH 5HWULHYDO 6WUDWHJ\
AM a2+iBQM 3XjXR r2 ?p2 b?QrM i?i i?2 +M/B/i2 `2i`B2pH bi`i2;B2b BMpQHpBM; iBK2 72im`2b `2
i?2 #2bi rQ`FBM; bi`i2;B2bX hFBM;  HQQF i i?2B` 2{+B2M+B2b- i?2 +M/B/i2 `2i`B2pH bi`i2;v
BM+Q`TQ`iBM; +Tim`2 iBK2 Bb i?2 KQbi T`QKBbBM; bi`i2;vX h?2`27Q`2- r2 2bT2+BHHv mb2 i?Bb
bi`i2;v 7Q` 7m`i?2` QTiBKBxiBQMX









1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39







)LJXUH  3HUIRUPDQFH RI WKH FOXVWHULQJ IUDPHZRUN LQ D WZRSDVV SDUDGLJP XVLQJ GLIIHUHQW QXPEHUV RI FDQGLGDWHV
UHWULHYHG XVLQJ WUDLQ DQG WHVW VHW
6`QK Qm` 2tT2`BK2Mib BM i?2 T`2pBQmb b2+iBQM r2 ?p2 7QmM/ i?2 #2bi b2iiBM;b 7Q` i?2 Qi?2` +QK@
TQM2Mib mbBM; M 2t?mbiBp2 b2`+?X h?2`27Q`2- r2 mb2 i?2b2 b2iiBM;b 7Q` i?2 }MH QTiBKBxiBQM
Q7 i?2 +M/B/i2 `2i`B2pH bi2TX 6Q` i?2 b+Q`BM; M/ `MFBM; bi2T r2 i?mb i`BM  aoJ +HbbB}2`
mbBM; i?2 72im`2b i;b M/ iBiH2X 6Q` i?2 M2r 2p2Mi /2i2+iBQM bi2T r2 HbQ mb2  amTTQ`i o2+iQ`
J+?BM2X h?Bb +HbbB}2` Bb i`BM2/ rBi? i?2 #2bi T2`7Q`KBM; +QK#BMiBQM Q7 72im`2b, Kt- p;-
M/ KtmTHX h?2 #2bi rQ`FBM; i?`2b?QH/ 7Q` i?2 M2r 2p2Mi /2+BbBQM 7QmM/ 7Q` i?Bb +QK#BMiBQM
Bb yXR3X
q2 2KTHQv Qm` +HbbB}+iBQM 7`K2rQ`F mbBM; i?2 #Qp2 K2MiBQM2/ b2iiBM;bX AM  MQ`KH +Hb@
bB}+iBQM T`Q+2bb- r2 H2i i?2 bvbi2K +Hmbi2` i?2 BMi2`K2/Bi2 +Hmbi2`BM; T`Q/m+2/ #v i?2 aBK@
TH2lb2`.vS`2+Hmbi2`BM; K2i?Q/X q2 /Q i?Bb T`Q+2bb 7Q`  /Bz2`2Mi MmK#2` Q7 +M/B/i2b k
iQ #2 `2i`B2p2/ #v i?2 +M/B/i2 `2i`B2pH bi`i2;vX h?2 `2bmHib Q7 i?2b2 +Hmbi2`BM; T`Q+2bb2b
`2 /2TB+i2/ BM 6B;m`2 3Xd b?QrBM; T`2+BbBQM- `2+HH- M/ 6@K2bm`2 7Q` i?2 Qp2`HH +Hmbi2`BM;
T`Q+2bb rBi? /Bz2`2Mi MmK#2`b Q7 +M/B/i2b kX AM //BiBQM iQ i?i- r2 b?Qr i?2 6@K2bm`2
7Q`  +Hmbi2`BM; QM i?2 }MH /i Ui2bi b2iV iQ #2 +Hmbi2`2/ mbBM; i?2 bK2 b2iiBM;b b 7Q` i?2
i`BMBM; b2iX
q2 b22 i?i i?2 ?B;?2bi pHm2 BM i2`Kb Q7 6@K2bm`2 Bb `2+?2/ r?2M jy +M/B/i2b `2 `2i`B2p2/
Uk = 30Vc i?2 6@K2bm`2 pHm2 `2+?2/ Bb NkX9WX h?Bb Bb 2t+iHv i?2 MmK#2` Q7 +M/B/i2b r?2`2
i?2 2z2+iBp2M2bb 7Q` i?Bb +M/B/i2 `2i`B2pH bi`i2;v ?b `2+?2/ Bib KtBKH bHQT2 Ub22 6B;m`2
3XkVX
Ai +M #2 Q#b2`p2/ i?i i?2 Q#iBM2/ pHm2 7Q` k Bb MQi i?2 QTiBKH pHm2 r?2M TTHB2/ iQ
i?2 }MH i2bi b2iX >Qr2p2`- i?2 T2`7Q`KM+2 /Q2b MQi p`v iQQ Km+? B7  +2`iBM KQmMi Q7
+M/B/i2b Bb `2i`B2p2/X h?2`27Q`2- i?Bb /Bz2`2M+2 Q7 T2`7Q`KM+2 Bb ++2Ti#H2X

 5HVXOWV RI WKH &OXVWHULQJ )UDPHZRUN XVHG LQ 7ZR3DVV 0RGH
7DEOH  5HVXOWV IRU FOXVWHULQJ XVLQJ GLIIHUHQW VWUDWHJLHV IRU WKH ILUVW SDVV DQG DQ RSWLPL]HG VHFRQG SDVV
J2i?Q/ 61@J2bm`2 S`2+BbBQM _2+HH hBK2 *QMbmKTiBQM
Pm` bBM;H2@Tbb TT`Q+? yX33e yXN8R yX3j RXyyy U"b2HBM2V
LQ`KHS`2+Hmbi2`BM; yXNjk yXNk yXN98 RXRyk U+RyXkWV
LQ`KHS`2+Hmbi2`BM;"v.v yXNjR yXNj3 yXNk8 yXd99 U−k8X8WV
aBKTH2lb2`.vS`2+Hmbi2`BM; yXNjN yXNj8 yXN9j yXyyN U−NyXRWV
 5HVXOWV RI WKH &OXVWHULQJ )UDPHZRUN XVHG LQ 7ZR3DVV 0RGH
AM i?Bb b2+iBQM- r2 +QKT`2 i?2 Qp2`HH bvbi2K T2`7Q`KM+2 Q7 Qm` 7`K2rQ`F BM  KmHiB@Tbb
b2iiBM;X q2 ?p2 +QMbi`m+i2/ i?2 bvbi2K iQ mb2  irQ@Tbb bi`i2;v M/ ?p2 +?Qb2M M Qp2`HH
bvbi2K b2iiBM; r?2`2 i?2 b2+QM/ Tbb mb2b  }t2/ bi`i2;v BM +QK#BMiBQM rBi? /Bz2`2Mi }`bi@
Tbb bi`i2;B2bX h?2 TT`Q+? r?B+? Bb 2KTHQv2/ b b2+QM/ Tbb Bb /2b+`B#2/ BM KQ`2 /2iBH
BM i?2 T`2pBQmb b2+iBQMbX h?2 }`bi@Tbb bi`i2;B2b +QKT`Bb2 QM2 p2`v +QbiHv b r2HH b QM2 p2`v
+?2T bi`i2;vX AM i?2 7QHHQrBM; r2 b?Qr i?2 Qp2`HH T2`7Q`KM+2 Q7 HH i?2b2 +QK#BMiBQMb r?B+?
`2 K2bm`2/ BM i2`Kb Q7 T`2+BbBQM- `2+HH- M/ 6@K2bm`2X AM //BiBQM iQ i?i- r2 K2bm`2 i?2
iBK2 +QMbmKTiBQM iQ ;2i M B/2 7Q` Bib +QKTmiiBQMH 2z2+iBp2M2bbX
q2 T`2b2Mi i?2 +QK#BMiBQM Q7 i?2 b2+QM/@Tbb bi`i2;v rBi? i?2 7QHHQrBM; i?`22 }`bi@Tbb
bi`i2;B2b, LQ`KHS`2+Hmbi2`BM;- LQ`KHS`2+Hmbi2`BM;"v.v- M/ aBKTH2lb2`.vS`2+Hmbi2`BM;X
b r2 ?p2 H`2/v bii2/ BM a2+iBQM 3XR- i?2 iBK2 +QMbmK2/ #v Qm` bBM;H2@Tbb TT`Q+? Bb
mb2/ b  `272`2M+2 Ur2 b2i i?2 iBK2 M22/2/ iQ RXyVX A7  irQ@Tbb bvbi2K +QMbmK2b KQ`2
+QKTmiiBQMH iBK2- i?2 pHm2 rBHH i?mb #2 ;`2i2` i?M RXyX 6Q` i?2 iBK2 +QMbmKTiBQM Q7 i?2
}`bi@Tbb bi`i2;B2b b22 h#H2 3XRX
h?2 }MH `2bmHib Q7 HH TT`Q+?2b `2 b?QrM BM h#H2 3X8X HH 2tT2`BK2Mib ?p2 #22M +QM/m+i2/
QM i?2 i2bi b2i Q7 Qm` /ib2iX h?2`27Q`2- HH `2bmHib `2 +QKT`#H2 rBi? i?Qb2 T`2b2Mi2/ mbBM;
i?2 bBM;H2@Tbb bi`i2;v b r2HH b Qi?2` TT`Q+?2b `2HvBM; QM i?Bb /ib2i 7Q` +Hmbi2`BM;X
b r2 +M b22 BM i?2 i#H2- i?2 `2bmHib `2 p2`v bm`T`BbBM;X h?2 F2v Q#b2`piBQMb Q7 i?2b2 `2bmHib
`2 i?2 7QHHQrBM;,
Ç Pm` BMBiBH BMi2MiBQM iQ BM+`2b2 i?2 `2+HH mbBM;  b2+QM/ Tbb rb bm++2bb7mHX h?2 //BiBQM
Q7 i?i Tbb BM+`2b2b i?2 Qp2`HH T2`7Q`KM+2 Q7 i?2 bvbi2K bB;MB}+MiHv- bQ i?i Qm` #2bi
T2`7Q`KBM; bi`i2;v `2+?2b HKQbi N9W BM i2`Kb Q7 6@K2bm`2X h?Bb Bb KQ`2 i?M 8
T2`+2Mi;2 TQBMib #2ii2` i?M i?2 #2bi T2`7Q`KBM; bBM;H2@Tbb bi`i2;v UNjXNW pbX 33XeWVX
AM/2T2M/2Mi Q7 i?2 }`bi@Tbb bi`i2;v i?2 BM+`2b2 Q7 i?2 Qp2`HH `2bmHib BM i2`Kb Q7 6@
K2bm`2 Bb p2`v ?B;? M/ i?2 `2bmHib `2 TT2HBM;X
Ç A7 i?2 BMi2`K2/Bi2 +Hmbi2`BM; T`Q/m+2/ BM i?2 }`bi Tbb Bb Tm`2 U?b  ?B;? T`2+BbBQMV-
i?2 bvbi2K `2+?2b  ?B;?2` Qp2`HH T2`7Q`KM+2 r?2M mbBM;  irQ@Tbb bi`i2;v r?BH2
F22TBM; i?2 T`2+BbBQM i  ?B;? H2p2HX AM +QKT`BbQM iQ i?2 bBM;H2 bi`i2;v r2 QMHv HQb2
#Qmi R T2`+2Mi;2 TQBMi BM i2`Kb Q7 T`2+BbBQMX q2 bbmK2 i?i i?Bb ?B;? T`2+BbBQM Bb biBHH
++2Ti#H2 7`QK M 2M/ mb2` T2`bT2+iBp2X

&KDSWHU  ([SHULPHQWDO 6HWXS DQG 5HVXOWV RI 6XSHUYLVHG 0XOWL3DVV &OXVWHULQJ
Ç  }`bi@Tbb bi`i2;v rBi?  ?B;? T`2+BbBQM Bb T`272``2/ Qp2` bi`i2;B2b MQi ?pBM; bm+?
 ?B;? T`2+BbBQMX h?2 aBKTH2lb2`.vS`2+Hmbi2`BM; T`QpB/2b M BMi2`K2/Bi2 +Hmbi2`BM;
rBi? p2`v ?B;? T`2+BbBQMX AM +QKT`BbQM iQ i?2 LQ`KHS`2+Hmbi2`BM; bi`i2;v r2 b22 i?i
i?2 T`2+BbBQM Q7 i?2 }MH +Hmbi2`BM; Bb HbQ ?B;?2`X q2 +M +QM+Hm/2 i?i M BMi2`K2/Bi2
+Hmbi2`BM; ?pBM; ?B;? T`2+BbBQM Bb M QTiBKH bi`iBM; TQBMi 7Q`  irQ@Tbb bi`i2;vX
Ç _2;`/BM; i?2 b+H#BHBiv Q7 i?2 Qp2`HH bvbi2K-  irQ@Tbb bi`i2;v Bb KQ`2 2z2+iBp2 i?M 
bBM;H2@Tbb bi`i2;vX q2 +QmH/ /2+`2b2 i?2 iBK2 +QMbmKTiBQM #v QM2 Q`/2` Q7 K;MBim/2
BM +QKT`BbQM iQ i?2 #2bi T2`7Q`KBM; bBM;H2@Tbb bi`i2;vX h?Bb Bb `2K`F#H2 b i?Bb Bb
HbQ i?2 #2bi T2`7Q`KBM; irQ@Tbb bi`i2;vX
q2 `2 r`2 i?i r2 `2+?  ?B;?2` T2`7Q`KM+2 BM +QKT`BbQM iQ i?2 `mMb QM i?2 i`BMBM;
b2iX q2 rQmH/ 2tT2+i i?Bb iQ #2 i?2 QTTQbBi2X h?Bb T?2MQK2MQM ?b H`2/v #22M Q#b2`p2/ #v
Qi?2` `2b2`+?2`b mbBM; i?Bb /ib2i /m`BM; i?2 J2/B1pH kyRj aQ+BH 1p2Mi .2i2+iBQM +?HH2M;2X
AM/22/- i?2 bb2K#Hv Q7 i?2 i2bi b2i b22Kb iQ #2 2bB2` iQ +Hmbi2` i?M i?2 i`BMBM; b2iX
 &RQFOXVLRQV
AM i?Bb +?Ti2` r2 ?p2 T`2b2Mi2/  KmHiB@Tbb TT`Q+? 7Q` +Hmbi2`BM; rBi? Qm` 2p2Mi@#b2/
bi`2K +HbbB}+iBQM 7`K2rQ`FX q2 ?p2 b?QrM i?i r2 `2 BM/22/ #H2 iQ +HbbB7v  bi`2K
Q7 bQ+BH K2/B /i BMiQ  ;`QrBM; M/ 2pQHpBM; b2i Q7 2p2Mib mbBM;  KmHiB@Tbb bi`i2;vX h?2
K2i?Q/b mb2/ ?p2 #22M 2pHmi2/ QM Qm` /ib2iX h?2`27Q`2- i?2 `2bmHib +M #2 2bBHv +QKT`2/
rBi? Qi?2` TT`Q+?2b rQ`FBM; QM i?Bb Tm#HB+Hv pBH#H2 /ib2iX
"27Q`2 bi`iBM; i?2 2tT2`BK2Mib rBi? i?2 KmHiB@Tbb TT`Q+?- r2 B/2MiB}2/ b2p2`H F2v T`Q#H2Kb
r?B+? r2 +M bm++2bb7mHHv //`2bb,
Ç q2 `2 #H2 iQ i+FH2 i?2 Qp2`HH +Hmbi2`BM; T`Q#H2K M/ +?B2p2  #2ii2` T2`7Q`KM+2 BM
+QKT`BbQM rBi? i?2 bBM;H2@Tbb TT`Q+?- BX 2X r2 `2+? M 6@K2bm`2 Q7 #Qmi NjXNW
BMbi2/ Q7 33XeWX
Ç q2 `2 biBHH #H2 iQ b+H2 iQ i?2 /i bBx2b M/ /i `i2b r?B+? r2 2M+QmMi2` BM bQ+BH
K2/B TTHB+iBQMbX q2 +M 2p2M BM+`2b2 i?2 +QKTmiiBQMH 2{+B2M+v #v QM2 Q`/2` Q7
K;MBim/2 #v mbBM; irQ TT`QT`Bi2 +HbbB}+iBQM Tbb2bX
Ç q2 `2 biBHH #H2 iQ biB+F iQ  bi`2K T`/B;K r?B+? Bb M22/2/ iQ T`Q+2bb /i 7`QK
bQ+BH K2/B TTHB+iBQMbX q2 ?p2 7QmM/  }`bi@Tbb bi`i2;v i?i HHQrb iQ ?M/ Qp2`
i?2 /i BM  T`2T`Q+2bb2/ rv bQ i?i i?2 ;2M2`H B/2 Q7 i?2 bi`2K +Hmbi2`BM; bivb
BMi+iX L2p2`i?2H2bb- i?Bb ?b i?2 +Qbi Q7  b?Q`i /2HvX
HH i?2b2 T`Q#H2K r2`2 //`2bb2/ bm++2bb7mHHv #v mbBM;  irQ@Tbb bi`i2;v r?2`2 i?2 }`bi Tbb
mb2b  bBKTH2 bi`i2;v Q7 K2`;BM; i?2 /i Bi2Kb #v mb2` M/ /vX h?2 b2+QM/ Tbb Bb i?2M 
KQ`2 i?Q`Qm;? +HbbB}+iBQM T`Q+2bb mbBM; K+?BM2 H2`MBM; i2+?MB[m2bX

 &RQFOXVLRQV
q2 ?p2 +QKT`2/ /Bz2`2Mi BMi2`K2/Bi2 +Hmbi2`BM;b b?QrBM; i?i M BMi2`K2/Bi2 +Hmbi2`BM;
rBi? ?B;? T`2+BbBQM Bb  ;QQ/ bi`iBM; TQBMi 7Q` 7m`i?2` T`Q+2bbBM; BM  b2+QM/ TbbX HH T@
T`Q+?2b mbBM; i?2 irQ@Tbb T`/B;K bB;MB}+MiHv QmiT2`7Q`K HH TT`Q+?2b mbBM; QM2 Tbb
r?BH2 i?2 T`Q+2bbBM; iBK2 Bb 2p2M HQr2`X h?2 Qp2`HH T2`7Q`KM+2 Q7 HKQbi N9W 6@K2bm`2 Bb
p2`v ;QQ/X 6`QK M 2M/ mb2` T2`bT2+iBp2 M/ `2;`/BM; i?2 Tm`Biv Q7 i?2 2p2Mi +Hmbi2`b- i?2









5HPDUNV DQG &RPSDULVRQ RI
&OXVWHULQJ $SSURDFKHV
AM i?2 }`bi i?`22 T`ib Q7 i?Bb /Bbb2`iiBQM r2 ?p2 T`2b2Mi2/ Qm` +HbbB}+iBQM 7`K2rQ`F #Qi?
7Q` bBM;H2@Tbb M/ KmHiB@Tbb b2iiBM;bX q2 ?p2 b22M i?i #Qi? TT`Q+?2b `2 pHB/ M/ 2z2+iBp2
K2i?Q/b i?i +M bm++2bb7mHHv //`2bb i?2 +?HH2M;2 Q7 /Bb+Qp2`BM; 2p2Mib M/ B/2MiB7vBM; r?B+?
/Q+mK2Mib `2 bbQ+Bi2/ rBi? i?2 bK2 2p2Mi BM  /i bi`2K Q7 bQ+BH K2/B /Q+mK2MibX
h?i Bb- #Qi? TT`Q+?2b +M #2 mb2/ iQ +Hmbi2`  `2H@rQ`H/ /ib2i +QKT`Bb2/ Q7 bQ+BH K2/B
/Q+mK2Mib- bm+? b BK;2b 7`QK 6HB+F` iQ;2i?2` rBi? i?2B` bbQ+Bi2/ K2i/iX
AM i?Bb +?Ti2` r2 T`QpB/2 //BiBQMH `2K`Fb QM Qm` +QMi`B#miBQMX q2 rBHH /Bb+mbb T`2`2[mBbBi2b
7Q` Qm` TT`Q+?2b T`2b2Mi2/ BM S`i AA M/ AAAX 6m`i?2`KQ`2- r2 iHF #Qmi i?2B` /pMi;2b
M/ /Bb/pMi;2b M/ /Bb+mbb ?Qr mb#H2 i?2b2 TT`Q+?2b `2 BM  `2H@rQ`H/ b2iiBM;X
7i2` i?i- r2 iF2  HQQF i b2p2`H TT`Q+?2b r?B+? r2 H`2/v /Bb+mbb2/ b `2Hi2/ rQ`FX
q2 2bT2+BHHv +QMbB/2` i?2 TT`Q+?2b r?B+? mb2/ Qm` /ib2i M/ `2TQ`i2/ `2bmHib QM Bib i2bi
b2iX q2 T`QpB/2 };m`2b M/ T2`7Q`K  /B`2+i +QKT`BbQM #2ir22M i?2K M/ Qm` bvbi2KX
 3UHUHTXLVLWHV IRU (YHQW &OXVWHULQJ
AM Q`/2` iQ +Hmbi2` /i 7`QK bQ+BH K2/B TTHB+iBQMb- r2 `2[mB`2 bQK2 T`2T`iQ`v rQ`F
#27Q`2 Qm` +HbbB}+iBQM 7`K2rQ`F +M #2 TTHB2/X JQ`2 bT2+B}+HHv- BM Q`/2` iQ +Hmbi2` bQ+BH
K2/B /i- i?2 /i Bib2H7 ?b iQ #2 T`2T`Q+2bb2/ bQ i?i QMHv /Q+mK2Mib `2 Tbb2/ iQ Qm`
+HbbB}+iBQM 7`K2rQ`F i?i `2T`2b2Mi M 2p2MiX b  +QMb2[m2M+2- r2 M22/ MQi?2` bi2T BM
//BiBQM iQ Qm` T`Q+2bbBM; TBT2HBM2 r?B+? Bb +T#H2 Q7 }Hi2`BM; Qmi HH /i TQBMib i?i /Q MQi
`2T`2b2Mi 2p2MibX
AM Qm` b+2M`BQ r2 ?p2 +?Qb2M  bi`iBM; TQBMi r?2`2 i?2 /i ?b H`2/v #22M }Hi2`2/ #v
mbBM; /i i?i ?b #22M +QMbi`m+i2/ mbBM; M QMHBM2 2p2Mi +H2M/`X 1p2M i?Qm;? i?Bb Bb M
QTiBKH rv iQ +`2i2- i`BM- M/ 2pHmi2 M 2p2Mi /2i2+iBQM bvbi2K HBF2 Qm` TT`Q+?- bm+?
ivT2 Q7 /i Bb MQi pBH#H2 r?2M mbBM; `r /i /B`2+iHv 7`QK  bQ+BH K2/B TTHB+iBQMX

&KDSWHU  5HPDUNV DQG &RPSDULVRQ RI &OXVWHULQJ $SSURDFKHV
AM Q`/2` iQ T`2T`Q+2bb `r /i M/ T`Q/m+2 bmBi#H2 /i 7Q` 2p2Mi /2i2+iBQM- MQi?2` TT`Q+?
mbBM; K+?BM2 H2`MBM; i2+?MB[m2b +M T`QpB/2  }Hi2`BM; #v /2+B/BM; r?2i?2`  /Q+mK2Mi
/2TB+ib M 2p2Mi Q` MQiX am+? bQ@+HH2/ 2p2Mi B/2MiB}+iBQM bvbi2Kb H`2/v 2tBbi U2X ;X *?2M
M/ _Qv (*_yN) M/ GBm- h`QM+v- M/ >m2i (Gh>RR)VX h?2`27Q`2- M 2p2Mi B/2MiB}+iBQM bvbi2K
?b iQ #2 2KTHQv2/ b M BMBiBH bi2T #27Q`2 i?2 `2bmHiBM; Qmi+QK2 +M #2 72/ iQ Qm` +HbbB}+iBQM
7`K2rQ`FX AM Qm` b+2M`BQ- QM2 `2[mB`2K2Mi 7Q` bm+?  T`Q+2bb Bb i?i Bi +M /2H rBi?  bi`2K
Q7 /i- i?i Bb i?2 /2+BbBQM ?b iQ #2 K/2 BKK2/Bi2Hv 7i2` i?2 /i TQBMi ?b ``Bp2/X
M Hi2`MiBp2 bQHmiBQM Bb iQ BMi2;`i2 i?2 2p2MifMQ@2p2Mi /2+BbBQM /B`2+iHv BMiQ Qm` 7`K2rQ`FX
AM i?i +b2-  T`2T`Q+2bbBM; Q7 i?2 /i Bb MQi M2+2bb`vX h?Bb +M #2 /QM2 #v 2M?M+BM; i?2
M2r 2p2Mi /2i2+iBQM bi2TX 6Q` i?Bb bi2T r2 +M BMi`Q/m+2  /Bz2`2Mi +HbbB}2` i?i bmTTQ`ib
 +HbbB}2` BMiQ KQ`2 i?M irQ +Hbb2b- i?mb mbBM;  KmHiB@+Hbb BMbi2/ Q7  #BM`v +HbbB}2`X
b  `2bmHi- r2 /Q MQi QMHv mb2 i?2 M2r 2p2Mi /2i2+iBQM bi2T iQ /2+B/2 r?2i?2` i?2 +m``2Mi
/Q+mK2Mi /2TB+ib  M2r 2p2Mi Q` MQi- #mi r2 HbQ /2+B/2 B7 i?2 /i TQBMi `2T`2b2Mib M 2p2Mi
i HHX h?2`27Q`2- r2 2M/ mT rBi? i?`22 i`;2i +Hbb2b 7Q` i?2 /2+BbBQMX
Ai Bb /B{+mHi iQ 2biBKi2 ?Qr r2HH i?2b2 bi`i2;B2b T2`7Q`Kc 7m`i?2` `2b2`+? ?b iQ BMp2biB@
;i2 i?Bb Bbbm2X MQi?2` BKTQ`iMi +?HH2M;2 Bb iQ }M/ TQbbB#BHBiB2b iQ +`2i2 TT`QT`Bi2 /i
BM+Hm/BM;  ;QH/ biM/`/ KFBM; i`BMBM; Q7  bmBi#H2 /2+BbBQM KQ/2H TQbbB#H2X
 5HIOHFWLRQ RQ 0XOWL3DVV &OXVWHULQJ LQ D 6WUHDPEDVHG 6HWWLQJ
h?2 +HbbB}+iBQM Q7  M2p2`@2M/BM; bi`2K Q7 /Q+mK2Mib BMiQ +Hbb2b BM `2H iBK2 ?b +2`iBM
T`2`2[mBbBi2b BM Q`/2` iQ #2 72bB#H2X PM2 Q7 i?2b2 T`2`2[mBbBi2b Bb i?2 HBKBiiBQM Q7 i?2 TQbbB#H2
MmK#2` Q7 Tbb2bX AM i?Bb b2+iBQM r2 BK iQ MHvx2 i?Bb 7m`i?2` M/ `2~2+i QM i?2 +QMb2[m2M+2b
`2;`/BM; Qm` KmHiB@Tbb TT`Q+?X
Pp2`HH- r2 +M bbmK2 i?i i?2 7QHHQrBM; 7Qm` +?HH2M;2b M22/ iQ #2 //`2bb2/ BM Q`/2` iQ
B/2MiB7v 2p2Mib BM /i 7`QK bQ+BH K2/B TTHB+iBQMb,
RX TT`Q+?2b M22/ iQ i+FH2 i?2 bQ+BH K2/B /Q+mK2Mib BM  bi`2K@#b2/ 7b?BQMX h?2
Q`/2` Q7 i?2 /i TQBMib Bb i?mb MQi +?M;2#H2 M/ 2+? BM+QKBM; /i TQBMi ?b iQ #2
T`Q+2bb2/ BKK2/Bi2HvX
kX TT`Q+?2b M22/ iQ //`2bb i?2 7+i i?i i?2 /i bi`2K Bb M2p2`@2M/BM; M/ Q7 H`;2
b+H2X
jX TT`Q+?2b M22/ iQ /2i2`KBM2 i?2 MmK#2` Q7 i`;2i 2p2Mi +Hbb2b r?B+? Bb mMFMQrM /m`BM;
i?2 r?QH2 +Hmbi2`BM; T`Q+2bbX
9X TT`Q+?2b M22/ iQ /Q i?2 +HbbB}+iBQM BM `2H iBK2 bQ i?i i?2 +Hmbi2`BM; Bb pBH#H2 7Q`
7m`i?2` T`Q+2bbBM; U2X ;X /BbTHvBM;V BKK2/Bi2HvX
LQi HH +HbbB}+iBQM TT`Q+?2b K22i HH Q7 i?2b2 +?HH2M;2bX AM i?2 7QHHQrBM; r2 iF2  HQQF i
i?2 +HbbB}+iBQM TT`Q+?2b T`2b2Mi2/ BM i?Bb rQ`FX h?2 +?HH2M;2b R iQ j `2 7mHHv //`2bb2/ #v
HH Q7 i?2K- BX 2X i?2 T`Q#H2Kb /2b+`B#2/ +M #2 i+FH2/ #v HH Qm` TT`Q+?2b `2;`/H2bb r?2i?2`

 5HŴHFWLRQ RQ 0XOWL3DVV &OXVWHULQJ LQ D 6WUHDPEDVHG 6HWWLQJ
Qm` bBM;H2@Tbb Q` KmHiB@Tbb TT`Q+? Bb mb2/X q?2M mbBM; Qm` bBM;H2@Tbb bi`i2;v- +?HH2M;2 9
Bb HbQ 7mH}HH2/ rBi?Qmi `2bi`B+iBQMbX >Qr2p2`- r2 +QM72bb i?iěbi`B+iHv bT2FBM;ě+?HH2M;2 9 Bb
7mH}HH2/ QMHv T`iBHHv #v i?2 TT`Q+?2b mbBM; KQ`2 i?M QM2 bBM;H2 TbbX +imHHv- r?2M mbBM;
Qm` irQ@Tbb TT`Q+?- i?2 }MH 2p2Mi +Hmbi2`BM; Bb MQi K/2 pBH#H2 BM `2H iBK2 #mi ?b 
/2Hv Q7 mT iQ k9 ?Qm`bX h?Bb iBK2 /2Hv +M #2 b?Q`i2M2/ B7 i?2 }`bi +Hmbi2`BM; Tbb mb2b bKHH2`
rBM/Qrb- #mi- BM ;2M2`H-  /2Hv +MMQi #2 pQB/2/X h?Bb Bb T`Q#H2KiB+ 7Q` TTHB+iBQMb r?2`2
M BKK2/Bi2 +Hmbi2`BM; Bb BKTQ`iMiX
b  +QMb2[m2M+2- B7 HH Q7 i?2 #Qp2 K2MiBQM2/ TQBMib ?p2 iQ #2 7mHHv K2i- i?2 +HbbB}+iBQM
T`Q+2bb Bb BM/22/ HBKBi2/ iQ QM2 bBM;H2 TbbX AM i?i +b2 r2 `2 7+2/ rBi?  /BH2KK iQ /2+B/2
r?2i?2` r2 M22/  }MHBx2/ +Hmbi2`BM; BM `2H iBK2 rBi? i?2 +Qbi Q7  HQr2` T2`7Q`KM+2 Q` B7
 /2Hv Q7 bQK2 /m`iBQM Bb ++2Ti#H2X b #Qi? bQHmiBQMb `2 MQi 7mHHv biBb7vBM;- r2 rMi iQ
T`QTQb2  bQHmiBQM iQ i?i Bbbm2X q2 T`QTQb2 i?2 7QHHQrBM; bi`i2;B2b iQ i+FH2 i?2 T`Q#H2K Q7
7mH}HHBM; i?2 `2H@iBK2 `2[mB`2K2Mi BM  KmHiB@Tbb TT`Q+?,
Ç M TTHB+iBQM BMBiBHHv BMpQF2b Qm` bBM;H2@Tbb bi`i2;v iQ +?B2p2 M BMBiBH +Hmbi2`BM;X
h?Bb BMBiBH +Hmbi2`BM; Bb mb2/ 7Q` i?2 T`2b2MiiBQM Q7 2p2Mi +Hmbi2`b iQ i?2 2M/ mb2` 7Q`
i?2 KQbi `2+2Mi /Q+mK2MibX 1p2Mi +Hmbi2`b i?i `2 QH/2` i?M  +2`iBM iBK2 `2 i?2M
+HbbB}2/ ;BM BM  b2+QM/ Tbb `2}MBM; i?2 +Hmbi2`BM;X 6Q` i?Bb r2 T`QTQb2 iQ mb2 Qm`
b2+QM/@Tbb TT`Q+? b T`QTQb2/ BM Qm` irQ@Tbb b2iiBM;X h?2 TTHB+iBQM i?2`27Q`2 Bb
#H2 iQ b?Qr HH 2p2Mi +Hmbi2`b BKK2/Bi2Hv- r?2`2 2p2Mib i?i `2 QH/2` i?M i?2 +m``2Mi
/v ?p2  ?B;?2` [mHBiv i?M i?2 +Hmbi2`b Q7 i?2 +m``2Mi /vX
Ç AMbi2/ Q7 mbBM; Qm` bBM;H2@Tbb bi`i2;v- i?2 T2` /v M/ mb2` K2`;BM; bi`i2;v Bb mb2/
b M BMBiBH +Hmbi2`BM;X h?2 TTHB+iBQM mb2b  +Hmbi2`BM; T2` mb2` 7Q` i?2 +m``2Mi /v 7Q`
/BbTHvBM;X h?2 b2+QM/ Tbb Bb mb2/ 7i2`r`/b `2}MBM; i?2 +Hmbi2`BM; b T`QTQb2/ #27Q`2-
`2+?BM;  bB;MB}+MiHv ?B;?2` [mHBiv 7Q` /vb QH/2` i?M i?2 +m``2Mi QM2X
"Qi? TT`Q+?2b HHQr iQ T`2b2Mi M BKK2/Bi2 +Hmbi2`BM; #mi ?p2 /Bz2`2Mi bi`2M;i?bX q?2M
mbBM; i?2 }`bi bi`i2;v- i?2 BMBiBH +Hmbi2`BM; Bb Q7 ?B;?2` [mHBiv i?M i?2 b2+QM/ bi`i2;v U33XeW
pbX 39XkW 6@K2bm`2VX AM +QMi`bi- i?2 b2+QM/ bi`i2;v ?b Bib /pMi;2b BM i?2 HQM; i2`KX
h?2 Qp2`HH +Hmbi2`BM; [mHBiv 7Q` i?2 QH/2` /Q+mK2Mib M/ 2p2Mi +Hmbi2`b Bb  #Bi ?B;?2` BM i2`Kb
Q7 6@K2bm`2, NjXNW pbX NjXkWX "mi KQ`2 BKTQ`iMiHv- i?2 T`2+BbBQM Bb HbQ ?B;?2` mbBM; i?2
b2+QM/ bi`i2;v M/ i?2`27Q`2 T`2/B+i2/ iQ #2 #2ii2` ++2Ti2/ 7`QK M 2M/ mb2`Ƕb T2`bT2+iBp2
UNj-8W pbX NkXyWVX h?2`27Q`2- Bi /2T2M/b QM i?2 M22/ Q7 i?2 TTHB+iBQM iQ /2+B/2 r?B+?
bi`i2;v bmBib #2ii2`X A7  ;QQ/ +Hmbi2`BM; Bb M22/2/ 7Q` /Q+mK2Mib i?i TT2`2/ `2+2MiHv- i?2M
i?2 }`bi bi`i2;v Bb i?2 T`272``2/ QM2X 6Q` M Qp2`HH #2ii2` [mHBiv- i?2 b2+QM/ bi`i2;v Bb i?2
T`272``2/ QM2X
q2 +M HbQ i?BMF Q7  i?B`/ bi`i2;v r?B+? +QK#BM2b i?2 /pMi;2b Q7 #Qi? TT`Q+?2bX h?2
#2bi T2`7Q`KBM; bBM;H2@Tbb M/ i?2 #2bi T2`7Q`KBM; KmHiB@Tbb TT`Q+?2b `2 TTHB2/ i i?2
bK2 iBK2X h?2 2p2Mi +Hmbi2`b rBi? i?2 /i TQBMib 7`QK i?2 +m``2Mi /v `2 T`Q/m+2/ #v Qm`
bBM;H2@Tbb bi`i2;vX PM i?2 Qi?2` ?M/- i?2 QH/2` 2p2Mi +Hmbi2`b `2 T`Q/m+2/ #v i?2 KmHiB@Tbb
bi`i2;vX M TTHB+iBQM i?2M mb2b i?2 +Hmbi2`BM; 7`QK i?2 bBM;H2@Tbb bi`i2;v 7Q` i?2 /Q+mK2Mib
Q7 i?2 +m``2Mi /v M/ i?2 KmHiB@Tbb bi`i2;v 7Q` H2bb `2+2Mi /Q+mK2MibX lbBM; i?Bb bi`i2;v- Bi
Bb BKTQ`iMi iQ `2K`F i?i Bi +QK2b i i?2 2tT2Mb2 Q7 i?2 M22/ Q7 KQ`2 +QKTmiiBQMH iBK2X

&KDSWHU  5HPDUNV DQG &RPSDULVRQ RI &OXVWHULQJ $SSURDFKHV
Pp2`HH- r2 b22 i?i  KmHiB@Tbb TT`Q+? M/  `2H@iBK2 +HbbB}+iBQM `2 MQi M2+2bb`BHv
+QMi`/B+iBQMb- `i?2` i?2 +?HH2M;2 +M #2 i+FH2/ mbBM; QM2 Q7 i?2 bi`i2;B2b T`QTQb2/ #Qp2X
 &RPSDULVRQ ZLWK 2WKHU $SSURDFKHV
AM i?2 `2bmHib b2+iBQM Q7 Qm` TT`Q+?2b r2 QMHv +QKT`2/ i?2K iQ Qi?2` rQ`F i?i +M #2 mb2/
BM  bi`2K@#b2/ b2iiBM;X L2p2`i?2H2bb- i?2`2 `2 b2p2`H Qi?2` TT`Q+?2b r?B+? MQi M2+2bb`BHv
mb2  bi`2K@#b2/ b2iiBM; #mi mb2/ Qm` _2a11. /ib2i M/ T`QpB/2 `2bmHib QM  +Hmbi2`BM;
7Q` i?2 i2bi b2iX AM i?2 7QHHQrBM; r2 +QKT`2 Qm` TT`Q+? iQ i?2B` `2bmHibX h?2b2 TT`Q+?2b
?p2 H`2/v #22M /2b+`B#2/ BM KQ`2 /2iBH 2`HB2` BM i?Bb i?2bBb UTH2b2 `272` iQ a2+iBQM jXdVX
h?2 `2bmHib BM i2`Kb Q7 6@K2bm`2 7Q`  +Hmbi2`BM; QM i?2 i2bi b2i Q7 Qm` /ib2i `2 b?QrM BM
h#H2 NXRX q2 QMHv T`QpB/2 i?2 6@K2bm`2 pHm2b rBi?Qmi T`2+BbBQM M/ `2+HH b i?2b2 };m`2b
r2`2 MQi `2TQ`i2/ BM i?2 Q`B;BMH Tm#HB+iBQMbX
7DEOH  &RPSDULVRQ RI GLIIHUHQW FOXVWHULQJ VWUDWHJLHV RI 0HGLD(YDO  6(' ZLWK RXU FODVVLILFDWLRQ DSSURDFKHV
_272`2M+2 H;Q`Bi?KfJ2i?Q/ 6@K2bm`2
(::*Rj) GQ+iBQM@hBK2 J2`;BM; yXR9j
(STYRj#) *?BM2b2 _2bim`Mi S`Q+2bb yXkje
(_7YRj) >B2``+?B+H@HBF2 J2`;BM; yX8dy
(a+?YRj) :`T? *Hmbi2`BM; yXdy9
(ww.Rj) J2Mb?B7i *Hmbi2`BM; Y G. yXd9y
("ARj) aoJ *HbbB}+iBQM yXd3y
(aLRj) *QMbi`BM2/ aT?2`B+H E@J2Mb yX3Rk
(qaRj) ZmHBiv h?`2b?QH/ *Hmbi2`BM; yX3d3
(J:Rj) S?QiQ@hP* yX33j
*?Ti2` e aBM;H2@Sbb aoJ *HbbB}+iBQM yX33e
(L;mYRj) lb2`@+2Mi`B+ aTHBi M/ J2`;2 *Hmbi2`BM; yXNjk
*?Ti2` 3 JmHiB@Sbb aoJ *HbbB}+iBQM yXNjN
(aKYRj) ."a*L *Hmbi2`BM; yXN9e
h?2 i#H2 +QMiBMb i?2 TT`Q+?2b T`2b2Mi2/ i i?2 aQ+BH 1p2Mi .2i2+iBQM ibF Q`;MBx2/ b
T`i Q7 J2/B1pH kyRj iQ;2i?2` rBi? Qm` irQ #2bi@T2`7Q`KBM; TT`Q+?2bX q2 b22 i?i i?2`2
`2 KMv TT`Q+?2b i?i +M #2 mb2/ iQ T`Q/m+2  +Hmbi2`BM; QM i?2 /ib2iX >Qr2p2`- HKQbi
HH Q7 i?2b2 TT`Q+?2b `2 #b2/ QM +HbbB+H +Hmbi2`BM; H;Q`Bi?Kb i?i +MMQi #2 mb2/ BM 
bi`2K@#b2/ b2iiBM;X L2p2`i?2H2bb- i?2 };m`2b BM i?2 i#H2 ;Bp2 M Qp2`pB2r Q7 ?Qr r2HH i?2
/Bz2`2Mi TT`Q+?2b T2`7Q`K BM +QKT`BbQM iQ Qm` bBM;H2@ M/ KmHiB@Tbb TT`Q+?X
h?2`2 Bb QMHv QM2 TT`Q+? r?B+? Bb #H2 iQ QmiT2`7Q`K Qm` KmHiB@Tbb TT`Q+? BM i2`Kb Q7
6@K2bm`2X h?Bb TT`Q+? 7`QK aKM;QQ2B 2i HX (aKYRj) mb2b ."a*L-  /2MbBiv@#b2/
+Hmbi2`BM; H;Q`Bi?KX hQ;2i?2` rBi? i?2 bQHmiBQM 7`QK L;mv2M 2i HX (L;mYRj) M/ Qm` KmHiB@
Tbb bi`i2;v- i?2b2 `2 i?2 QMHv TT`Q+?2b i?i `2+?  p2`v ;QQ/ Qp2`HH T2`7Q`KM+2 rBi?

 &RPSDULVRQ ZLWK 2WKHU $SSURDFKHV
KQ`2 i?M NyW BM i2`Kb Q7 6@K2bm`2X 1p2M i?Qm;? Qm` bvbi2K QMHv QmiT2`7Q`Kb QM2 Q7 i?2K-
Qm` Qp2`HH `2bmHib `2 +QKT2iBiBp2- b i?2 /Bz2`2M+2 #2ir22M i?2 `2bmHib Bb KBMBKH U/Bz2`2M+2
Q7 yXd T2`+2Mi;2 TQBMibVX "mi Bi Bb MQi M2;H2+i#H2 i?i Qm` +HbbB}+iBQM@#b2/ TT`Q+? ?b
b2p2`H /pMi;2b UHBF2 rQ`FBM; BM  bi`2K@#b2/ b+2M`BQV i?i Kv #2 KQ`2 BKTQ`iMi i?M
i?2 KBMBKH ;BM BM Qp2`HH T2`7Q`KM+2X
h?2 M2ti #2bi TT`Q+? r?B+? +M #2 mb2/ BM  bi`2K@#b2/ b2iiBM; Bb i?2 QM2 7`QK "`2MM2`
M/ Ax[mB2`/Q ("ARj) r?Q HbQ 2KTHQv M aoJ 7Q` +HbbB}+iBQMX >Qr2p2`- i?Bb TT`Q+? QMHv
`2+?2b M 6@K2bm`2 Q7 #Qmi d3W- r?B+? Bb +H2`Hv QmiT2`7Q`K2/ #v #Qi? Q7 Qm` bi`i2;B2bX Ai
Bb HbQ `2K`F#H2 i?i Qm` bBM;H2@Tbb bi`i2;v QmiT2`7Q`Kb KMv TT`Q+?2b mbBM; +Hmbi2`BM;
H;Q`Bi?KbX h?Bb Bb BMi2`2biBM; b Qm` TT`Q+? QMHv M22/b QM2 bBM;H2 Tbb- i?mb b22b i?2 /i
TQBMib QMHv QM+2X AM //BiBQM- Bi Bb p2`v 2z2+iBp2 `2;`/BM; i?2 +QKTmiiBQMH 2zQ`i M22/2/X q2
FMQr 7`QK i H2bi bQK2 Q7 i?2 Qi?2` TT`Q+?2b i?i i?2v `2 +QKTmiiBQMHHv +?HH2M;BM; M/
/Q MQi b+H2 r2HH iQ H`;2` /ib2ibX
Pp2`HH- i?Bb +QKT`BbQM +H2`Hv b?Qrb i?i Qm` TT`Q+?2b `2 #H2 iQ ;2i i?2 KQbi Qmi Q7 i?2
/i r?BH2 ?pBM; b2p2`H /pMi;2b Qp2` Qi?2` TT`Q+?2b `2;`/BM; i?2 2{+B2M+v M/ rv
i?2v ?M/H2 i?2 /iX h?2v `2 #H2 iQ QmiT2`7Q`K b2p2`H bii2@Q7@i?2@`i TT`Q+?2b M/ `2





AM i?Bb i?2bBb r2 ?p2 #22M +QM+2`M2/ rBi? i?2 T`Q#H2K Q7 2p2Mi /2i2+iBQM BM bQ+BH K2/BX q2
?p2 //`2bb2/ i?2 +?HH2M;2 Q7 +HbbB7vBM;  KbbBp2- M2p2`@2M/BM; bi`2K Q7 /i 7`QK  bQ+BH
K2/B TTHB+iBQM BMiQ +Q``2bTQM/BM; 2p2MibX h?Bb +Hmbi2`BM; ibF BMpQHp2/ b2p2`H +?HH2M;2bX
b  bQHmiBQM r2 ?p2 T`2b2Mi2/  7`K2rQ`F i+FHBM; i?Bb ibF iQ;2i?2` rBi? Bib +?HH2M;2bX q2
r2`2 #H2 iQ b?Qr i?i Qm` 2p2Mi@#b2/ bi`2K +HbbB}+iBQM 7`K2rQ`F Bb +T#H2 Q7 +HbbB7vBM;
i?2 bQ+BH K2/B /i BMiQ  ;`QrBM; M/ 2pQHpBM; b2i Q7 2p2MibX 6m`i?2`KQ`2- Bi bm++2bb7mHHv
//`2bb2b HH +?HH2M;2b B/2MiB}2/ #27Q`2X Pp2`HH- r2 T`QpB/2 b2p2`H +QMi`B#miBQMb r?B+? r2
rMi iQ QmiHBM2 BM i?2 7QHHQrBM;X
q2 BMi`Q/m+2/  M2r /ib2i iQ bmTTQ`i `2b2`+? BM i?2 `2 Q7 bQ+BH 2p2Mi /2i2+iBQMX h?2
/ib2i rb +`2i2/ mbBM; BK;2b 7`QK i?2 6HB+F` T?QiQ +QKKmMBiv bBi2 M/ QMHBM2 2p2Mi +H@
2M/`bX h?2`27Q`2- Bi +QMiBMb mb2`@+QMi`B#mi2/ BK;2b iQ;2i?2` rBi? bbQ+Bi2/ K2i/i /2@
b+`B#BM; i?2 2p2Mib i?2v /2TB+iX HH /i BM+Hm/2/ BM i?2 /ib2i Bb HB+2Mb2/ mM/2`  *`2iBp2
*QKKQMb HB+2Mb2 i?i HHQrb 7Q` 7`22 /Bbi`B#miBQMX h?2 /ib2i rb T`2pBQmbHv Tm#HBb?2/ M/
Bb 7`22Hv pBH#H2 iQ i?2 Tm#HB+X "Qi? i?2 b+H2 M/ +QKTH2tBiv Q7 i?2 /ib2i KF2 Bi KQ`2
+?HH2M;BM; M/ KQ`2 `2T`2b2MiiBp2 Q7 `2H@rQ`H/ T`Q#H2Kb BM +QKT`BbQM iQ Qi?2` /ib2ib BM
i?2 }2H/- r?B+? `2 mbmHHv MMQii2/ 2tTHB+BiHv M/ `2 Km+? bKHH2`X q2 b22 i?Bb /ib2i b M
BKTQ`iMi +QMi`B#miBQM iQ i?2 /pM+2K2Mi Q7 i?2 bQ+BH 2p2Mi /2i2+iBQM }2H/X Ai bmTTQ`ib i?2
/2p2HQTK2Mi- 2pHmiBQM- b r2HH b i?2 bvbi2KiB+ +QKT`BbQM Q7 /Bz2`2Mi bQ+BH 2p2Mi /2i2+iBQM
TT`Q+?2bX 6m`i?2`KQ`2- Bi +M #2 mb2/ 7Q` +Hmbi2`BM; M/ +HbbB}+iBQM ibFb BM i?i `2X b
Bi ?b #22M H`2/v mb2/ rBi? i?2 J2/B1pH aQ+BH 1p2Mi .2i2+iBQM ibF BM kyRj- Bi Bb HbQ
FMQrM BM i?2 +QKKmMBiv M/ 7+BHBii2b i?2 +QKT`BbQM Q7 /Bz2`2Mi TT`Q+?2bX
>pBM; +`2i2/  bmBi#H2 /ib2i- r2 BMi`Q/m+2/  +HbbB}+iBQM 7`K2rQ`F i?i Bb #H2 iQ +Hmbi2`
i?2 /Q+mK2Mib BMiQ i?2B` TT`QT`Bi2 2p2Mi +Hmbi2` mbBM; /Bz2`2Mi K+?BM2 H2`MBM; i2+?MB[m2bX
h?2 bvbi2K r2 ?p2 T`2b2Mi2/ Bb #H2 iQ +HbbB7v  bi`2K Q7 bQ+BH K2/B /i BM QM2 bBM;H2 TbbX
AM T`iB+mH`- r2 ?p2 b?QrM i?i Qm` TT`Q+? bm++2bb7mHHv //`2bb2b b2p2`H F2v T`Q#H2Kb,
Ç >M/HBM; i?2 /i BM  bi`2K@#b2/ T`/B;K- BX 2X i+FHBM; i?2 T`Q#H2K Q7  bi`2K Q7
/i i?i Bb M2p2`@2M/BM;X




Ç h+FHBM; i?2 M2r 2p2Mi /2i2+iBQM T`Q#H2K- BX 2X i?2 T`Q#H2K Q7 /2i2`KBMBM; r?2i?2` M
BM+QKBM; /i TQBMi #2HQM;b iQ  M2r Q` iQ M H`2/v FMQrM 2p2MiX
q2 bm++2bb7mHHv //`2bb i?2b2 T`Q#H2Kb BV #v 2KTHQvBM;  +HbbB}+iBQM H;Q`Bi?K- i?2`27Q`2
HHQrBM; mb iQ T`Q+2bb i?2 /i BM QM2 Tbb- BBV #v BM+Hm/BM;  +M/B/i2 2p2Mi `2i`B2pH bi2T
r?B+? `2i`B2p2b  b2i Q7 2p2Mi +M/B/i2b i?i i?2 BM+QKBM; /i TQBMi Bb HBF2Hv iQ #2HQM; iQ- M/
BBBV #v BM+Hm/BM;  7mM+iBQM i`BM2/ mbBM; K+?BM2 H2`MBM; i2+?MB[m2b i?i /2i2`KBM2b r?2i?2`
i?2 BM+QKBM; /i TQBMi #2HQM;b iQ i?2 iQT@b+Q`2/ +M/B/i2 Q` `i?2` iQ  M2r 2p2MiX
hQ KtBKBx2 i?2 T2`7Q`KM+2 Q7 Qm` +HbbB}+iBQM bvbi2K- r2 ?p2 2tKBM2/ HH /Bz2`2Mi bi2Tb
Q7 Qm` +HbbB}+iBQM 7`K2rQ`F i?Q`Qm;?HvX AM T`iB+mH`- r2 ?p2 b?QrM i?i i?2 mb2 Q7 
bmBi#H2 +M/B/i2 `2i`B2pH bi2T Bb +`m+BH iQ `2/m+2 i?2 MmK#2` Q7 2p2Mib i?i `2 +QMbB/2`2/
b TQi2MiBH +M/B/i2b iQ r?B+? i?2 BM+QKBM; /i TQBMi +QmH/ #2HQM; iQX h?Bb Bb M2+2bb`v
iQ b+H2 mT iQ i?2 /i bBx2b M /i `i2b 7QmM/ BM bQ+BH K2/B TTHB+iBQMbX h?2`27Q`2- r2
?p2 MQi QMHv 2tKBM2/ M/ 2tT2`BK2MiHHv +QKT`2/ /Bz2`2Mi +M/B/i2 `2i`B2pH bi`i2;B2b
`2;`/BM; i?2B` 2z2+iBp2M2bb M/ +QKTmiiBQMH +Qbi #mi HbQ `2;`/BM; i?2B` T2`7Q`KM+2 QM
i?2 Qp2`HH +HbbB}+iBQM ibFX  +M/B/i2 `2i`B2pH bi`i2;v #b2/ QM i?2 iBK2biKTb b2H2+iBM;
i?2 R3 +HQb2bi 2p2Mib rBi? `2bT2+i iQ mTHQ/ iBK2 /2HBp2`b i?2 #2bi `2bmHibX 6`QK  KQ`2 ;2M2`H
T2`bT2+iBp2- i?2 `2bmHib 7QmM/ b?Qr i?i  bmBi#H2 +M/B/i2 `2i`B2pH bi`i2;v BM/22/ /Q2b MQi
QMHv ?p2 i?2 TQi2MiBH iQ bT22/ mT i?2 +HbbB}+iBQM T`Q+2bb T2` b2- #mi HbQ ?2HTb iQ }Hi2`
Qmi 7Hb2 TQbBiBp2b i?i +QmH/ TQi2MiBHHv +QM7QmM/ i?2 +HbbB}2`X h?mb- i?Bb bi2T 2M#H2b mb iQ
BM+`2b2 i?2 Qp2`HH +HbbB}+iBQM T2`7Q`KM+2X
6m`i?2`KQ`2- r2 ?p2 b?QrM i?i #Qi? i?2 /2+BbBQM }M/BM; i?2 iQT b+Q`BM; i`;2i 2p2Mi b r2HH
b i?2 M2r 2p2Mi /2i2+iBQM /2+BbBQM +M #2 iF2M rBi? `2bQM#H2 ++m`+vX 6Q` #Qi? /2+BbBQMb
r2 K/2 mb2 Q7 /Bz2`2Mi ivT2b Q7 +HbbB}2`bX q2 mb2/ /Bz2`2Mi ivT2b Q7 amTTQ`i o2+iQ` J+?BM2b
UaiM/`/ M/ _MFBM; aoJV b r2HH b .2+BbBQM h`22b BM Q`/2` iQ i`BM TT`QT`Bi2 KQ/2HbX
6m`i?2`KQ`2- r2 BMp2biB;i2/ /Bz2`2Mi bi`i2;B2b 7Q` +`2iBM; TT`QT`Bi2 i`BMBM; /i- b2iiBM;b
7Q` i?2 +HbbB}2`b- M/ i?2 BKT+i Q7 i?2 KQmMi Q7 i`BMBM; /i QM i?2 T2`7Q`KM+2X
q2 ?p2 b?QrM i?i Bi Bb TQbbB#H2 iQ H2`M  bmBi#H2 bBKBH`Biv K2bm`2 mbBM; HH i?`22 ivT2b
Q7 +HbbB}2`bX lbBM; M aoJ- QMHv  72r i`BMBM; 2tKTH2b `2 bm{+B2Mi- H`2/v HHQrBM;
i?2 BM/m+iBQM Q7 M ++2Ti#H2 bBKBH`Biv K2bm`2 rBi? H2bb i?M ky i`BMBM; 2tKTH2bX h?2
T2`7Q`KM+2 Q7 M aoJ /Q2b MQi p`v iQQ Km+? 7Q` /Bz2`2Mi bBx2b Q7 i`BMBM; /i M/ i?2
MmK#2` Q7 i`BMBM; /i M22/2/ Bb Km+? H2bb i?M rBi?  .2+BbBQM h`22X h?mb r2 +M `2;`/
M aoJ b KQ`2 `Q#mbi i?M iQ  .2+BbBQM h`22X "2bB/2b- mbBM; M aoJ r2 };m`2/ Qmi i?i
 HBM2` F2`M2H T2`7Q`Kb b ;QQ/ b  _"6 F2`M2H `2;`/H2bb Q7 r?B+? ivT2 Q7 aoJ Bb mb2/-
KFBM; i?2 mb2 Q7  HBM2` F2`M2H i?2 7pQ`2/ bi`i2;v KBMHv #2+mb2 Bi Bb +QKTmiiBQMHHv H2bb
2tT2MbBp2X Ai ?b HbQ #22M b?QrM i?i i?2 bKTHBM; bi`i2;v Bb +`m+BH 7Q` i?2 KtBKBxiBQM
Q7 i?2 bm++2bb Q7 i?2 i`BMBM; T`Q+2bbX h?2 mb2 Q7 r2HH@+?Qb2M i`BMBM; 2tKTH2b BKT`Qp2b i?2
[mHBiv Q7 i?2 +`2i2/ KQ/2HX q2 ?p2 b22M i?i i?2 b2`+? 7Q` i?2 M2`2bi r`QM; TB` ?2HTb iQ
i`BM  ;QQ/ KQ/2HX
6Q` i?2 M2r 2p2Mi /2+BbBQM KQ/2H- r2 ?p2 b22M i?i mbBM; 9-yyy i`BMBM; 2tKTH2b iQ;2i?2` rBi?
M aoJ KtBKBx2b i?2 /2+BbBQM T2`7Q`KM+2X >2`2- i?2 MmK#2` Q7 i`BMBM; 2tKTH2b +?Qb2M Bb

H2bb +`m+BH i?M BM i?2 +`2iBQM Q7 i?2 bBKBH`Biv K2bm`2 M/ i?2 T2`7Q`KM+2 `2+?2/ #v i?2
/Bz2`2Mi KQ/2Hb Bb KQ`2 `Q#mbiX
q2 +``B2/ Qmi /2iBH2/ 72im`2 MHvb2b 7Q` #Qi? /2+BbBQM T`Q#H2KbX h?2 BK BM #Qi? +b2b
rb iQ }M/ M QTiBKH +QK#BMiBQM Q7 72im`2b iQ 2Mbm`2 i?2 +`2iBQM Q7 M QTiBKBx2/ /2+BbBQM
KQ/2HX JMv TB+im`2b BM bQ+BH K2/B `2 KBbbBM; bQK2 Q7 i?2 72im`2b b i?2 mb2` /B/ MQi
T`QpB/2 i?2KX "mi BM i?2 72im`2 MHvbBb 7Q` i?2 H2`MBM; Q7  bBKBH`Biv K2bm`2- r2 ?p2
/Bb+Qp2`2/ i?i i?2 H+F Q7  bBM;H2 72im`2 ?b MQ #B; BKT+i QM i?2 [mHBiv Q7 i?2 bvbi2K b 
r?QH2X h?2 `2bmHib `2 biBHH +QKT2HHBM; 2p2M B7 QMHv QM2 72im`2 Bb mb2/ BM //BiBQM iQ i?2 Hrvb
pBH#H2 iBK2 72im`2bX h?2`27Q`2- Qm` K2i?Q/ Bb biBHH TTHB+#H2- b r2 +M /2/m+2 7`QK Qm`
/ib2i i?i +QMiBMb ivTB+H /i Q7  bQ+BH K2/B TTHB+iBQM i?i #Qmi NNX3W Q7 i?2 BM+Hm/2/
/Q+mK2Mib ?p2 i H2bi QM2 //BiBQMH 72im`2 bbB;M2/ BM //BiBQM iQ i?2 iBK2 72im`2bX q2
i?mb +QmH/ +H2`Hv b?Qr i?i r2 +M /2H rBi? i?2 H+F Q7 /i r?B+? mbmHHv Q++m`b BM `2H@rQ`H/
b+2M`BQbX
Pm` b2+QM/ 72im`2 MHvbBb- +``B2/ Qmi 7Q` i?2 B/2MiB}+iBQM Q7 i?2 QTiBKH +QK#BMiBQM Q7
72im`2b iQ #2 mb2/ 7Q` i?2 M2r 2p2Mi /2i2+iBQM /2+BbBQM- rb  ;`22/v bi`i2;vX q2 B/2MiB}2/
i?i  +QK#BMiBQM Q7 7Qm` Qmi Q7 bBt 72im`2běQ`B;BMHHv /2`Bp2/ b  `2bmHi 7`QK M QTiBKH
+Hmbi2`BM;ěvB2H/b i?2 #2bi T2`7Q`KM+2X q2 HbQ b?Qr2/ i?i  KQ/2H mbBM; i?2b2 72im`2b
QmiT2`7Q`Kb  bBKTH2 i?`2b?QH/ KQ/2H mbBM; QMHv i?2 KtBKmK pHm2 Q7 i?2 iQT@b+Q`BM; 2p2MiX
h?2 QTiBKBx2/ bvbi2K ?b #22M +QKT`2/ iQ b2p2`H #b2HBM2b b?QrBM; i?i Bi QmiT2`7Q`Kb
HH Q7 i?2K BM i2`Kb Q7 6@K2bm`2 rBi?  pHm2 Q7 33XeWX h?2 #2M2}i Q7 Qm` TT`Q+? Bb
i?i i?2 T`Q+2bbBM; iBK2 T2` /Q+mK2Mi `2KBMb M2`Hv +QMbiMi rBi? M BM+`2bBM; MmK#2`
Q7 /Q+mK2Mib- i?mb //`2bbBM; i?2 b+H#BHBiv +?HH2M;2 K2MiBQM2/ #Qp2X q2 7QmM/ i?i i?2
`2bmHiBM; +Hmbi2`BM; rb p2`v Tm`2 UBX 2X ?pBM;  ?B;? T`2+BbBQMV r?BH2 ?pBM;  HQr2` `2+HHX
_2;`/BM; i?2 `2bmHib- i?2 [m2biBQM `Qb2 r?2i?2` i?2 `2+HH +M biBHH #2 BM+`2b2/ #v mbBM; 
KmHiB@Tbb bi`i2;vX
q2 i?2`27Q`2 BMi`Q/m+2/ M 2ti2MbBQM Q7 i?2 bBM;H2@Tbb TT`Q+? bQ i?i Bi +QmH/ #2 mb2/ BM
 KmHiB@Tbb b2iiBM;X q2 }MHHv b?Qr2/ i?i i?2 2ti2M/2/ TT`Q+? +M BM+`2b2 i?2 `2+HH
bB;MB}+MiHv r?2M mbBM; irQ Tbb2bX h?Bb HbQ BM+`2b2/ i?2 Qp2`HH `2bmHib- MQr #2BM; bB;MB}@
+MiHv #2ii2`X AM //BiBQM iQ i?i- r2 +QmH/ HbQ HQr2` i?2 +QKTmiiBQMH iBK2 M22/2/ 7Q` i?2
T`Q+2bbBM; #v NyW mbBM; i?2 #2bi T2`7Q`KBM; irQ@Tbb bi`i2;vX
*`2iBM; i?2 KmHiB@Tbb bvbi2K r2 MHvx2/ b2p2`H bi`i2;B2b BM Q`/2` iQ }M/  bmBi#H2 bi`i2;v
iQ #2 mb2/ 7Q` 2+? TbbX q2 2tT2`BK2Mi2/ rBi? /Bz2`2Mi }`bi@Tbb bi`i2;B2b b?QrBM; i?i HH
irQ@Tbb bi`i2;B2b +H2`Hv QmiT2`7Q`K i?2 bBM;H2@Tbb bi`i2;vX q2 br i?i  bBKTH2 K2`;BM;
#v /v M/ mb2` mb2/ b  +?2T }`bi Tbb +Hmbi2`BM;ěiFBM; MQ KQ`2 i?M irQ b2+QM/b 7Q` i?2
r?QH2 i2bi b2i QM  `2+2Mi +QKTmi2` bvbi2KěT2`7Q`Kb #2bi BM +QMDmM+iBQM rBi? Qm` +HbbB}+iBQM
7`K2rQ`F b  b2+QM/ Tbb 7Q` i?2 `2}M2K2Mi Q7 i?2 BMi2`K2/Bi2 +Hmbi2`BM;X h?Bb +QK#BMiBQM
`2+?2/ M 6@K2bm`2 Q7 HKQbi N9WX
q2 i?2M HQQF2/ i i?2 bBM;H2 bi2Tb Q7 Qm` 7`K2rQ`F M/ `2@QTiBKBx2/ HH M22/2/ bi2Tb Q7
Qm` +HbbB}+iBQM 7`K2rQ`F iQ i?2 M2r bBimiBQM mbBM; M BMi2`K2/Bi2 +Hmbi2`BM; 7Q` 7m`i?2`
K2`;BM;X q2 7QmM/ i?i i?2 MmK#2` Q7 72im`2b M22/2/ 7Q` i?2 bBKBH`Biv K2bm`2 b r2HH b i?2
M2r 2p2Mi /2i2+iBQM /2+BbBQM HKQbi b?`mMF iQ QM2 bBM;H2 72im`2X lbBM; i?2 +QbBM2 bBKBH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i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("uyR) :BHH "2D2`MQ M/ :QHM uQMX ǳo`BiBQMb QM S`Q##BHBbiB+ am{t h`22b, aiiBbiB@




("2Myk) CQMi?M "2MM2iiX ǳq?i 1p2Mib `2ǴX AM, h?2 "H+Fr2HH :mB/2 iQ J2iT?vbB+bX
1/X #v _B+?`/ JX :H2X "H+Fr2HH- kyyk- TTX 9jĜe8X
("YNN) E`BbiBM "2MM2ii- v?M .2KB`Bx- 2i HX ǳa2KB@bmT2`pBb2/ amTTQ`i o2+iQ` J+?BM2bǴX
AM, /pM+2b BM L2m`H AM7Q`KiBQM T`Q+2bbBM; bvbi2Kb URNNNV- TTX je3Ĝjd9X
("2MYNe) KBM2 JX "2MbB/- Gr`2M+2 PX >HH- CK2b *X "2x/2F- M/ Gm`2M+2 SX *H`F2X
ǳS`iBHHv amT2`pBb2/ *Hmbi2`BM; 7Q` AK;2 a2;K2MiiBQMǴX AM, Sii2`M _2+Q;MBiBQM
kNX8 URNNeV- TTX 38NĜ3dRX
(""Jy9+) JBF?BH "BH2MFQ- am;iQ "bm- M/ _vKQM/ CX JQQM2vX ǳAMi2;`iBM; *QMbi`BMib
M/ J2i`B+ G2`MBM; BM a2KB@bmT2`pBb2/ *Hmbi2`BM;ǴX AM, S`Q+22/BM;b Q7 i?2 hr2Miv@
}`bi AMi2`MiBQMH *QM72`2M+2 QM J+?BM2 G2`MBM;X A*JG Ƕy9X "Mz- H#2`i-
*M/, *J- kyy9- TTX RRĜX Bb#M, R@83RRj@3j3@8X /QB, RyXRR98fRyR8jjyXRyR8jeyX
("Jyj) JBF?BH "BH2MFQ M/ _vKQM/ CX JQQM2vX ǳ/TiBp2 .mTHB+i2 .2i2+iBQM lbBM;
G2`M#H2 ai`BM; aBKBH`Biv J2bm`2bǴX AM, S`Q+22/BM;b Q7 i?2 LBMi? *J aA:E..
AMi2`MiBQMH *QM72`2M+2 QM EMQrH2/;2 .Bb+Qp2`v M/ .i JBMBM;X q+?BM;iQM-
.*- kyyjX
("QHNk) J`BHvM :X "QHixX ǳh?2 _2K2K#2`BM; Q7 m/BiQ`v 1p2Mi .m`iBQMbǴX AM, CQm`MH
Q7 1tT2`BK2MiH Sbv+?QHQ;v, G2`MBM;- J2KQ`v- M/ *Q;MBiBQM R3X8 URNNkV- TX Nj3X
("YN3) SmH aX "`/H2v- lbK JX 6vv/- *Q`v _2BM- 2i HX ǳa+HBM; *Hmbi2`BM; H;Q@
`Bi?Kb iQ G`;2 .i#b2bǴX AM, E..X RNN3- TTX NĜR8X
("`2Y39) G2Q "`2BKM- C2`QK2 6`B2/KM- *?`H2b CX aiQM2- M/ _B+?`/ X PHb?2MX *HbbB@
}+iBQM M/ _2;`2bbBQM h`22bX *_* T`2bb- RN39X
("ARj) J`Fmb "`2MM2` M/ 1#`QmH Ax[mB2`/QX ǳJ2/B1pH kyRj, aQ+BH 1p2Mi .2i2+iBQM-
_2i`B2pH M/ *HbbB}+iBQM BM *QHH#Q`iBp2 S?QiQ *QHH2+iBQMbǴX AM, J2/B1pH
kyRj qQ`Fb?QTX aTBM- kyRjX
("`2Yyy) J`Fmb JX "`2mMB;- >Mb@S2i2` E`B2;2H- _vKQM/ hX L;- M/ Cƺ`; aM/2`X ǳGP6,
A/2MiB7vBM; .2MbBiv@#b2/ GQ+H PmiHB2`bǴX AM, aA:JP. _2+X kNXk UJv kyyyV-
TTX NjĜRy9X BbbM, yRej@83y3X /QB, RyXRR98fjj8RNRXjj8j33X
("aN3) LQ`KM _X "`QrM M/ .QMH/ a+?QT~Q+?2`X ǳ1p2Mi *Hmbi2`b, M P`;MBxiBQM Q7
S2`bQMH 1p2Mib BM miQ#BQ;`T?B+H J2KQ`vǴX AM, Sbv+?QHQ;B+H a+B2M+2 NXe URNN3V-
TTX 9dyĜ9d8X
("m/Yye) am`iM "m/HFQiB- b?QF LX a`Bpbip- _K F2HH- M/ 1m;2M2 hm`FQpXMQKHv
.2i2+iBQM BM G`;2 a2ib Q7 >B;?@/BK2MbBQMH avK#QH a2[m2M+2bX h2+?X `2TX La
_*- kyyeX
(*"EyN) o`mM *?M/QH- `BM/K "M2`D22- M/ oBTBM EmK`X ǳMQKHv .2i2+iBQM, 
am`p2vǴX AM, *J *QKTmiX am`pX 9RXj UCmHv kyyNV- R8,RĜR8,83X BbbM, yjey@yjyyX
/QB, RyXRR98fR89R33yXR89R33kX
(*GRR) *?B?@*?mM; *?M; M/ *?B?@C2M GBMX ǳGA"aoJ,  GB#``v 7Q` amTTQ`i o2+iQ`
J+?BM2bǴX AM, *J h`Mb+iBQMb QM AMi2HHB;2Mi avbi2Kb M/ h2+?MQHQ;v UhAahV
kXj UkyRRV- TX kdX

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(*Yye) PHBpB2` *?T2HH2- "2`M?`/ a+?ƺHFQT7- H2tM/2` wB2M- 2i HX a2KB@bmT2`pBb2/ G2`@
MBM;X oQHX kX JAh T`2bb *K#`B/;2- kyyeX
(*_yN) GBM; *?2M M/ #?Bb?2F _QvX ǳ1p2Mi .2i2+iBQM 7`QK 6HB+F` .i i?`Qm;? qp2H2i@
#b2/ aTiBH MHvbBbǴX AM, S`Q+22/BM;b Q7 i?2 R3i? *J *QM72`2M+2 QM AM7Q`K@
iBQM M/ EMQrH2/;2 JM;2K2MiX *JX kyyN- TTX 8kjĜ8jkX
(*Jyd) oH/BKB` *?2`FbbFv M/ 6BHBT JX JmHB2`X G2`MBM; 7`QK .i, *QM+2Tib- h?2Q`v-
M/ J2i?Q/bX CQ?M qBH2v  aQMb- kyydX
(**Jyj) .pB/ *Q?M- _B+? *`mM- M/ M/`2r J+*HHmKX ǳa2KB@bmT2`pBb2/ *Hmbi2`BM;
rBi? lb2` 622/#+FǴX AM, *QMbi`BM2/ *Hmbi2`BM;, /pM+2b BM H;Q`Bi?Kb- h?2Q`v-
M/ TTHB+iBQMb 9XR UkyyjV- TTX RdĜjkX
(*QMy8) GBM;mBbiB+ .i *QMbQ`iBmKX *1 UmiQKiB+ *QMi2Mi 1ti`+iBQMV 1M;HBb? MMQ@
iBQM :mB/2HBM2b 7Q` 1p2MibX kyy8X m`H, ?iiTb,ffrrrXH/+XmT2MMX2/mfbBi2bfrrrX
H/+XmT2MMX2/mf7BH2bf2M;HBb?@2p2Mib@;mB/2HBM2b@p8X9XjXT/7X
(*QMy8#) J`iBM X *QMrvX ǳJ2KQ`v M/ i?2 a2H7ǴX AM, CQm`MH Q7 J2KQ`v M/ GM;m;2
8jX9 Ukyy8V- TTX 8N9Ĝek3X
(*Syy) J`iBM X *QMrv M/ *?`BbiQT?2` qX SH2v/2HH@S2`+2X ǳh?2 *QMbi`m+iBQM Q7 m@
iQ#BQ;`T?B+H J2KQ`B2b BM i?2 a2H7@K2KQ`v avbi2KXǴ AM, Sbv+?QHQ;B+H _2pB2r
RydXk UkyyyV- TX keRX
(*QQYy8) Jii?2r *QQT2`- CQMi?M 6QQi2- M/`2b :B`;2MbQ?M- M/ GvMM qBH+QtX ǳh2K@
TQ`H 1p2Mi *Hmbi2`BM; 7Q` .B;BiH S?QiQ *QHH2+iBQMbǴX AM, *J h`Mb+iBQMb QM
JmHiBK2/B *QKTmiBM;- *QKKmMB+iBQMb- M/ TTHB+iBQMb UhPJ**SV RXj Ukyy8V-
TTX keNĜk33X
(*oN8) *Q`BMM *Q`i2b M/ oH/BKB` oTMBFX ǳamTTQ`i@o2+iQ` L2irQ`FbǴX AM, J+?BM2
G2`MBM; kyXj URNN8V- TTX kdjĜkNdX
(.Mej) `i?m` .MiQX ǳq?i q2 *M .QǴX AM, h?2 CQm`MH Q7 S?BHQbQT?v eyXR8 URNejV-
TTX 9j8Ĝ998X
(.p3y) .QMH/ .pB/bQMX 1bbvb QM +iBQMb M/ 1p2MibX L2r uQ`F, Pt7Q`/ lMBp2`bBiv
S`2bb- RN3yX
(.peN) .QMH/ .pB/bQMX h?2 AM/BpB/miBQM Q7 1p2MibX aT`BM;2`- RNeNX
(.pYyd) CbQM oX .pBb- "`BM EmHBb- S`i22F CBM- amp`Bi a`- M/ AM/2`DBi aX .?BHHQMX
ǳAM7Q`KiBQM@i?2Q`2iB+ J2i`B+ G2`MBM;ǴX AM, S`Q+22/BM;b Q7 i?2 k9i? AMi2`MiBQMH
*QM72`2M+2 QM J+?BM2 G2`MBM;X A*JG ǶydX *Q`pHBb- P`2;QM, *J- kyyd- TTX kyNĜ
kReX Bb#M, Nd3@R@8N8Nj@dNj@jX /QB, RyXRR98fRkdj9NeXRkdj8kjX
(.pYye) JMm2H .pv- 6`û/û`B+ .2bQ#`v- `i?m` :`2iiQM- M/ *?`BbiBM .QM+`HBX ǳM PM@
HBM2 amTTQ`i o2+iQ` J+?BM2 7Q` #MQ`KH 1p2Mib .2i2+iBQMǴX AM, aB;MH S`Q+2bbBM;
3eX3 UkyyeV- TTX kyyNĜkyk8X

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(.J*yj) hBDH .2 "B2- JB+?BM`B JQKK- M/ L2HHQ *`BbiBMBMBX ǳ1{+B2MiHv G2`MBM; i?2
J2i`B+ rBi? aB/2@AM7Q`KiBQMǴX AM, H;Q`Bi?KB+ G2`MBM; h?2Q`vX 1/X #v _B+`/
:pH/- EHmb SX CMiF2- M/ 1BDB hFBKQiQX oQHX k39kX G2+im`2 LQi2b BM *QKTmi2`
a+B2M+2X aT`BM;2` "2`HBM >2B/2H#2`;- kyyj- TTX Rd8ĜR3NX Bb#M, Nd3@j@89y@kykNR@kX
/QB, RyXRyydfNd3@j@89y@jNek9@enR8X
(."1NN) v?M .2KB`Bx- E`BbiBM SX "2MM2ii- M/ J`F CX 1K#`2+?ibX ǳa2KB@amT2`pBb2/
*Hmbi2`BM; lbBM; :2M2iB+ H;Q`Bi?KbǴX AM, AM `iB}+BH L2m`H L2irQ`Fb BM 1M;B@
M22`BM;X aJ1 S`2bb- RNNN- TTX 3yNĜ3R9X
(.Q/Yy9) :2Q`;2 _X .Q//BM;iQM- H2tBb JBi+?2HH- J`F X S`xv#Q+FB- GM+2 X _Kb?r-
ai2T?MB2 ai`bb2H- M/ _HT? JX q2Bb+?2/2HX ǳh?2 miQKiB+ *QMi2Mi 1ti`+iBQM
U*1V S`Q;`K@hbFb- .i- M/ 1pHmiBQMXǴ AM, G_1*X kyy9X
(.QMYyj) :mQx?m .QM;- CBr2B >M- GFb oX aX GFb?KMM- CBM S2B- >BtmM qM;- M/
S?BHBT aX umX ǳPMHBM2 JBMBM; Q7 *?M;2b 7`QK .i ai`2Kb, _2b2`+? S`Q#H2Kb
M/ S`2HBKBM`v _2bmHibǴX AM, S`Q+22/BM;b Q7 i?2 kyyj *J aA:JP. qQ`Fb?QT
QM JM;2K2Mi M/ S`Q+2bbBM; Q7 .i ai`2KbX kyyjX
(1B+Yy8) *?`BbiQT? 6X 1B+F- HBM _Qm?M- #`?K ";?2`D2B`M- M/ _B+`/Q oBHHiX
ǳlbBM; *Hmbi2`BM; iQ G2`M .BbiM+2 6mM+iBQMb 7Q` amT2`pBb2/ aBKBH`Biv bb2bb@
K2MiXǴ AM, JG.JX 1/X #v S2i` S2`M2` M/ ibmb?B AKBvX oQHX j83dX G2+im`2
LQi2b BM *QKTmi2` a+B2M+2X aT`BM;2`- kyy8- TTX RkyĜRjRX Bb#M, j@89y@keNkj@RX
(1wwy9) *?`BbiQT? 6X 1B+F- LB/H w2B/i- M/ w?2M;?QM; w?QX ǳamT2`pBb2/ *Hmbi2`BM; Ĝ
H;Q`Bi?Kb M/ "2M2}ibǴX AM, A*hA kyy9X Rei? A111 AMi2`MiBQMH *QM72`2M+2 QM
hQQHb rBi? `iB}+BH AMi2HHB;2M+2- kyy9X A111X kyy9- TTX dd9ĜddeX
(1o1yk) JQ?K2/ :X 1H72Fv- obbBHBQb aX o2`vFBQb- M/ ?K2/ EX 1HK;`KB/X ǳhAGP_,
 _2+Q`/ GBMF;2 hQQH#QtǴX AM, S`Q+22/BM;b Q7 i?2 R3i? AMi2`MiBQMH *QM72`2M+2
QM .i 1M;BM22`BM;X A111X kyyk- TTX RdĜk3X
(1bFyy) 1H2x` 1bFBMX ǳMQKHv .2i2+iBQM Qp2` LQBbv .i mbBM; G2`M2/ S`Q##BHBiv
.Bbi`B#miBQMbǴX AM, S`Q+22/BM;b Q7 A*JG- kyyyX kyyyX
(1biYNe) J`iBM 1bi2`- >Mb@S2i2` E`B2;2H- Cƺ`; aM/2`- M/ sBQr2B smX ǳ .2MbBiv@#b2/
H;Q`Bi?K 7Q` .Bb+Qp2`BM; *Hmbi2`b BM G`;2 aTiBH .i#b2b rBi? LQBb2ǴX AM,
S`Q+22/BM;b Q7 E..X oQHX NeX RNNe- TTX kkeĜkjRX
(1biyk) oH/BKB` 1biBpBHH@*bi`QX ǳq?v aQ JMv *Hmbi2`BM; H;Q`Bi?Kb,  SQbBiBQM ST2`ǴX
AM, aA:E.. 1tTHQ`X L2rbHX 9XR UCmM2 kyykV- TTX e8Ĝd8X BbbM, RNjR@yR98X /QB, RyX
RR98f8e38d9X8e38d8X
(6FYRy) HB 6F2`B@h#`BxB- a#`BM hQHH`B- LB+QHb lbmMB2`- M/ Si`B+F :HHBM`BX ǳAK@
T`QpBM; AK;2 MMQiiBQM BM AK#HM+2/ *HbbB}+iBQM S`Q#H2Kb rBi? _MFBM;
aoJǴX AM, JmHiBHBM;mH AM7Q`KiBQM ++2bb 1pHmiBQM AAX JmHiBK2/B 1tT2`BK2MibX
aT`BM;2`- kyRy- TTX kNRĜkN9X
(6SNN) hQK 6r+2ii M/ 6Qbi2` S`QpQbiX ǳ+iBpBiv JQMBiQ`BM;, LQiB+BM; AMi2`2biBM; *?M@
;2b BM "2?pBQ`ǴX AM, S`Q+22/BM;b Q7 i?2 6B7i? *J aA:E.. AMi2`MiBQMH *QM72`@
2M+2 QM EMQrH2/;2 /Bb+Qp2`v M/ /i KBMBM;X *JX RNNN- TTX 8jĜekX

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(6vYNe) lbK JX 6vv/- :`2;Q`v SBi2ibFv@a?TB`Q- S/?`B+ aKvi?- M/ _KbKv
li?m`mbKv- 2/bX /pM+2b BM EMQrH2/;2 .Bb+Qp2`v M/ .i JBMBM;X J2MHQ S`F-
*- la, K2`B+M bbQ+BiBQM 7Q` `iB}+BH AMi2HHB;2M+2- RNNeX Bb#M, y@kek@8eyNd@
eX
(6B`YRy) *Hm/Bm aX 6B`M- JB?B :2Q`;2b+m- qQH7;M; L2D/H- M/ _Hm+ SBmX ǳ"`BM;BM;
P`/2` iQ uQm` S?QiQb, 1p2Mi@/`Bp2M *HbbB}+iBQM Q7 6HB+F` AK;2b "b2/ QM aQ@
+BH EMQrH2/;2ǴX AM, S`Q+22/BM;b Q7 i?2 RNi? *J AMi2`MiBQMH *QM72`2M+2 QM
AM7Q`KiBQM M/ EMQrH2/;2 JM;2K2MiX *JX kyRy- TTX R3NĜRN3X
(:uye) JQ?K2/ J2/?i :#2` M/ S?BHBT aX umX ǳ >QHBbiB+ TT`Q+? 7Q` _2bQm`+2@
r`2 /TiBp2 .i ai`2K JBMBM;ǴX AM, L2r :2M2`iBQM *QKTmiBM; k8XR UkyyeV-
TTX N8ĜRR8X
(:wEy8) JQ?K2/ J2/?i :#2`- `F/v wbHpbFv- M/ a?QMHB E`Bb?MbrKvX ǳJBMBM;
.i ai`2Kb,  _2pB2rǴX AM, aA:JP. _2+X j9Xk UCmM2 kyy8V- TTX R3ĜkeX BbbM,
yRej@83y3X /QB, RyXRR98fRy3jd39XRy3jd3NX
(:>Nd) _Q#2`i :BxmbFb M/ E2pBM >mKT?`2vbX ǳlbBM;  a2KMiB+ L2irQ`F 7Q` AM7Q`@
KiBQM 1ti`+iBQMǴX AM, Lim`H GM;m;2 1M;BM22`BM; j Uyk a2TiX RNNdV- TTX R9dĜ
ReNX BbbM, R9eN@3RRyX
(:MYyk) H/Q :M;2KB- LB+QH :m`BMQ- *Hm/BQ JbQHQ- H2bbM/`Q PHi`K`B- M/ Gm+
a+?M2B/2`X ǳar22i2MBM; PMiQHQ;B2b rBi? .PG*1ǴX AM, EMQrH2/;2 2M;BM22`BM; M/
FMQrH2/;2 KM;2K2Mi, PMiQHQ;B2b M/ i?2 b2KMiB+ q2#X aT`BM;2`- kyyk- TTX ReeĜ
R3RX
(:QYy8) CBM72M; :Q- >QHBM; ZB- sBMbQM; sB- M/ CBM@umM LB2X ǳGBM2` .Bb+`BKBMMi
JQ/2H 7Q` AM7Q`KiBQM _2i`B2pHǴX AM, S`Q+22/BM;b Q7 i?2 k3i? MMmH AMi2`MiBQMH
*J aA:A_ *QM72`2M+2 QM _2b2`+? M/ .2p2HQTK2Mi BM AM7Q`KiBQM _2i`B2pHX
*JX kyy8- TTX kNyĜkNdX
(:QYRy) CBM; :Q- 62M; GBM;- q2B 6M- *?B qM;- uBx?Qm amM- M/ CBr2B >MX ǳPM
*QKKmMBiv PmiHB2`b M/ i?2B` 1{+B2Mi .2i2+iBQM BM AM7Q`KiBQM L2irQ`FbǴX AM,
E..X 1/X #v "?`i _Q- "HDB E`Bb?MTm`K- M/`2r hQKFBMb- M/ uM; ZBM;X
*J- kyRy- TTX 3RjĜ3kkX Bb#M, Nd3@R@98yj@yy88@RX
(:`Yyk) /`BM :`?K- >2+iQ` :`+B@JQHBM- M/`2b S2T+F2- M/ h2``v qBMQ;`/X
ǳhBK2 b 1bb2M+2 7Q` S?QiQ "`QrbBM; h?`Qm;? S2`bQMH .B;BiH GB#``B2bǴX AM, S`Q@
+22/BM;b Q7 i?2 kM/ *JfA111@*a CQBMi *QM72`2M+2 QM .B;BiH GB#``B2bX *JX
kyyk- TTX jkeĜjj8X
(:`meN) 6`MF 1X :`m##bX ǳS`Q+2/m`2b 7Q` .2i2+iBM; PmiHvBM; P#b2`piBQMb BM aKTH2bǴX
AM, h2+?MQK2i`B+b RRXR URNeNV- TTX RĜkRX
(:m?Yyy) am/BTiQ :m?- LBM JBb?`- _D22p JQirMB- M/ GB/M PǶ*HH;?MX ǳ*Hmbi2`@
BM; .i ai`2KbǴX AM, S`Q+22/BM;b Q7 i?2 9Rbi MMmH avKTQbBmK QM 6QmM/iBQMb
Q7 *QKTmi2` a+B2M+2- kyyyX A111X kyyy- TTX j8NĜjeeX
(:_aN3) am/BTiQ :m?- _D22p _biQ;B- M/ Evmb2QF a?BKX ǳ*l_1, M 1{+B2Mi *Hmbi2`BM;
H;Q`Bi?K 7Q` G`;2 .i#b2bǴX AM, aA:JP. *QM72`2M+2X 1/X #v Gm` JX >b
M/ b?miQb? hBr`vX *J S`2bb- RNN3- TTX djĜ39X Bb#M, y@3NdNR@NN8@8X

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(::*Rj) AiBF :mTi- Eb?BiBD :miK- M/ E`Bb?M *?M/`KQmHBX ǳoAh!J2/B1pH kyRj
aQ+BH 1p2Mi .2i2+iBQM hbF, a2KMiB+ ai`m+im`BM; Q7 *QKTH2K2Mi`v AM7Q`KiBQM
7Q` *Hmbi2`BM; 1p2MibǴX AM, J2/B1pH kyRj qQ`Fb?QTX aTBM- kyRjX
(>"oyR) J`B >HFB/B- uMMBb "iBbiFBb- M/ JB+?HBb oxB`;BMMBbX ǳPM *Hmbi2`BM; oH@
B/iBQM h2+?MB[m2bǴX AM, CQm`MH Q7 AMi2HHB;2Mi AM7Q`KiBQM avbi2Kb RdXk@j UkyyRV-
TTX RydĜR98X
(>Eye) CBr2B >M M/ JB+?2HBM2 EK#2`X .i JBMBM;- aQmi?2bi bB 1/BiBQM, *QM+2Tib
M/ h2+?MB[m2bX JQ`;M Em7KMM- kyyeX
(>`y8) ai2pM >`M/X ǳhQ *Q;MBx2 Bb iQ *i2;Q`Bx2, *Q;MBiBQM Bb *i2;Q`BxiBQMǴX AM,
>M/#QQF Q7 *i2;Q`BxiBQM BM *Q;MBiBp2 a+B2M+2X 1/X #v >2M`B *Q?2M M/ *HB`2
G272#p`2X 1Hb2pB2`- kyy8X
(>2YRy) "BM;b?2M; >2- JQ uM;- w?2Mvm :mQ- _Bb?M *?2M- "BM; am- q2B GBM- M/ GB/QM;
w?QmX ǳ*QK2i, "i+?2/ ai`2K S`Q+2bbBM; 7Q` .i AMi2MbBp2 .Bbi`B#mi2/ *QKTmi@
BM;ǴX AM, S`Q+22/BM;b Q7 i?2 Rbi *J bvKTQbBmK QM *HQm/ +QKTmiBM;X *JX kyRy-
TTX ejĜd9X
(>*Gyd) ZB >2- EmBvm *?M;- M/ 12@S2M; GBKX ǳMHvxBM; 62im`2 h`D2+iQ`B2b 7Q` 1p2Mi
.2i2+iBQMǴX AM, aA:A_ Ƕyd, S`Q+22/BM;b Q7 i?2 jyi? MMmH AMi2`MiBQMH *J
aA:A_ *QM72`2M+2 QM _2b2`+? M/ .2p2HQTK2Mi BM AM7Q`KiBQM _2i`B2pHX Kb@
i2`/K- h?2 L2i?2`HM/b, *J- kyyd- TTX kydĜkR9X Bb#M, Nd3@R@8N8Nj@8Nd@dX
(>2BdR) 1H2MQ` >2B/2`X ǳǴ6Q+HǴ *QHQ` `2b M/ i?2 .2p2HQTK2Mi Q7 *QHQ` LK2bǴX AM,
.2p2HQTK2MiH Sbv+?QHQ;v 9Xj URNdRV- TX 99dX
(>y9) oB+iQ`B CX >Q/;2 M/ CBK mbiBMX ǳ am`p2v Q7 PmiHB2` .2i2+iBQM J2i?Q/QHQ;B2bǴX
AM, `iB}+BH AMi2HHB;2M+2 _2pB2r kkXk Ukyy9V- TTX 38ĜRkeX
(CJ6NN) MBH EX CBM- JX L`bBK? Jm`iv- M/ Si`B+F CX 6HvMMX ǳ.i *Hmbi2`BM;, 
_2pB2rǴX AM, *J *QKTmiX am`pX jRXj Ua2TiX RNNNV- TTX ke9ĜjkjX BbbM, yjey@yjyyX
/QB, RyXRR98fjjR9NNXjjR8y9X
(Cyd) TB`F CB`vmbFmH M/ am`TQM; mriMKQM;FQHX ǳ amT2`pBb2/ :`QrBM; L2m@
`H :b H;Q`Bi?K 7Q` *Hmbi2` MHvbBbǴX AM, AMi2`MiBQMH CQm`MH Q7 >v#`B/ AMi2H@
HB;2Mi avbi2Kb 9Xk UkyydV- TTX RkNĜR9RX
(CQyk) h?Q`bi2M CQ+?BKbX ǳPTiBKBxBM; a2`+? 1M;BM2b mbBM; *HB+Fi?`Qm;? .iǴX AM, S`Q@
+22/BM;b Q7 i?2 1B;?i? *J aA:E.. AMi2`MiBQMH *QM72`2M+2 QM EMQrH2/;2 .Bb@
+Qp2`v M/ .i JBMBM;X *JX kyyk- TTX RjjĜR9kX
(EBKdj) C2;rQM EBKX ǳ*mbiBQM- LQKB+ am#bmKTiBQM- M/ i?2 *QM+2Ti Q7 1p2MiǴX AM,
h?2 CQm`MH Q7 S?BHQbQT?v URNdjV- TTX kRdĜkjeX
(EBKeN) C2;rQM EBKX ǳ1p2Mib M/ h?2B` .2b+`BTiBQMb, aQK2 *QMbB/2`iBQMbǴX AM, 1bbvb
BM >QMQ` Q7 *`H :X >2KT2HX 1/X #v LB+?QHb _2b+?2`X oQHX k9X avMi?2b2 GB#``vX
aT`BM;2` L2i?2`HM/b- RNeN- TTX RN3ĜkR8X Bb#M, Nd3@Ny@93R@3jjk@eX /QB, RyXRyydf
Nd3@N9@yRd@R9ee@knRyX
(EBKde) C2;rQM EBKX 1p2Mib b S`QT2`iv 1t2KTHB}+iBQMbX aT`BM;2`- RNdeX
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(EBKYyN) CBM@.QM; EBK- hQKQFQ P?i- aKTQ SvvbHQ- uQb?BMQ#m EMQ- M/ CmMǶB+?B hbmDBBX
ǳPp2`pB2r Q7 "BQLGSǶyN a?`2/ hbF QM 1p2Mi 1ti`+iBQMǴX AM, S`Q+22/BM;b Q7 i?2
qQ`Fb?QT QM *m``2Mi h`2M/b BM "BQK2/B+H Lim`H GM;m;2 S`Q+2bbBM;, a?`2/
hbFX bbQ+BiBQM 7Q` *QKTmiiBQMH GBM;mBbiB+bX kyyN- TTX RĜNX
(E_Nk) E2MDB EB` M/ G``v X _2M/2HHX ǳ S`+iB+H TT`Q+? iQ 62im`2 a2H2+iBQMǴX
AM, S`Q+22/BM;b Q7 i?2 LBMi? AMi2`MiBQMH qQ`Fb?QT QM J+?BM2 G2`MBM;X JGNkX
#2`/22M- a+QiHM/- lMBi2/ EBM;/QK, JQ`;M Em7KMM Sm#HBb?2`b AM+X- RNNk-
TTX k9NĜk8eX Bb#M, R@883e@k9d@sX
(EEJyk) .M EH2BM- a2TM/` .X EKp`- M/ *?`BbiQT?2` .X JMMBM;X ǳ6`QK AMbiM+2@
H2p2H *QMbi`BMib iQ aT+2@H2p2H *QMbi`BMib, JFBM; i?2 JQbi Q7 S`BQ` EMQrH2/;2
BM .i *Hmbi2`BM;ǴX AM, UkyykVX
(ELN3) 1/rBM JX EMQ`` M/ _vKQM/ hX L;X ǳH;Q`Bi?Kb 7Q` JBMBM; .BbiM+2@"b2/
PmiHB2`b BM G`;2 .ib2ibǴX AM, oG." ǶN3, S`Q+22/BM;b Q7 i?2 k9`/ AMi2`MiBQMH
*QM72`2M+2 QM o2`v G`;2 .i "b2bX aM 6`M+Bb+Q- *- la, JQ`;M Em7KMM
Sm#HBb?2`b AM+X- RNN3- TTX jNkĜ9yjX Bb#M, R@883ey@8ee@8X
(EEyd) A;Q` EQMQM2MFQ M/ JiDʈ EmF`X J+?BM2 G2`MBM; M/ .i JBMBM;X 1Hb2pB2`-
kyydX
(Eawy3) >Mb@S2i2` E`B2;2H- Jii?Bb a+?m#2`i- M/ `i?m` wBK2FX ǳM;H2@"b2/ PmiHB2`
.2i2+iBQM BM >B;?@/BK2MbBQMH .iǴX AM, E..X 1/X #v uBM; GB- GBm "BM;- M/
amMBi a`r;BX *J- kyy3- TTX 999Ĝ98kX Bb#M, Nd3@R@ey883@RNj@9X
(Ey9) :B`B/?` EmK`M M/ CK2b HHMX ǳh2ti *HbbB}+iBQM M/ LK2/ 1MiBiB2b 7Q`
L2r 1p2Mi .2i2+iBQMǴX AM, S`Q+22/BM;b Q7 i?2 kdi? MMmH AMi2`MiBQMH *J
aA:A_ *QM72`2M+2 QM _2b2`+? M/ .2p2HQTK2Mi BM AM7Q`KiBQM _2i`B2pHX aA:A_
Ƕy9X a?2{2H/- lMBi2/ EBM;/QK, *J- kyy9- TTX kNdĜjy9X Bb#M, R@83RRj@33R@9X /QB,
RyXRR98fRyy3NNkXRyyNy99X
(EmMy9) Gm/KBH AX EmM+?2pX *QK#BMBM; Sii2`M *HbbB}2`b, J2i?Q/b M/ H;Q`Bi?KbX
CQ?M qBH2v  aQMb- kyy9X
(Ewy3) *?`BbiQT?2` X Em`#v M/ C2z`2v JX w+FbX ǳa2;K2MiiBQM BM i?2 S2`+2TiBQM M/
J2KQ`v Q7 1p2MibǴX AM, h`2M/b BM *Q;MBiBp2 a+B2M+2b RkXk Ukyy3V- TTX dkĜdNX BbbM,
Rje9@eeRjX /QB, RyXRyRefDXiB+bXkyydXRRXyy9X
(GF3k) :2Q`;2 GFQzX ǳ*i2;Q`B2b, M 1bbv BM *Q;MBiBp2 GBM;mBbiB+bǴX AM, GBM;mBbiB+b BM
i?2 JQ`MBM; *HK URN3kV- TTX RjNĜRNjX
(GF3d) :2Q`;2 GFQzXqQK2M- 6B`2- M/ .M;2`Qmb h?BM;b, q?i *i2;Q`B2b _2p2H #Qmi
i?2 JBM/X *?B+;Q M/ GQM/QM, h?2 lMBp2`bBiv Q7 *?B+;Q S`2bb- RN3dX
(G`YRj) J`i? X G`bQM- spB2` M;m2`- hBKQ _2mi2`- :`2i? CX 6X CQM2b- "Q;/M
AQM2b+m- J`Fmb a+?2/H- hQKb SBi`BF- *Hm/B >mz- M/ JQ?KK/ aQH2v@
KMB- 2/bX S`Q+22/BM;b Q7 i?2 J2/B1pH kyRj JmHiBK2/B "2M+?K`F qQ`Fb?QT-
"`+2HQM- aTBM- P+iQ#2` R3@RN- kyRjX oQHX Ry9jX *1l_ qQ`Fb?QT S`Q+22/BM;bX
*1l_@qaXQ`;- kyRjX m`H, ?iiT,ff+2m`@rbXQ`;foQH@Ry9jX

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(Ga_33) :X .MB2H GbbBi2`- CmHB2 AX aiQM2- M/ a+Qii GX _Q;2`bX ǳJ2KQ`BH *QMb2[m2M+2b Q7
o`BiBQM BM "2?pBQ` S2`+2TiBQMǴX AM, CQm`MH Q7 1tT2`BK2MiH aQ+BH Sbv+?QHQ;v
k9Xj URN33V- TTX kkkĜkjNX
(G2Ked) CQ?M G2KKQMX ǳ*QKK2Mib QM h?2 GQ;B+H 6Q`K Q7 +iBQM a2Mi2M+2b #v .QMH/
.pB/bQMǴX AM, h?2 GQ;B+ Q7 .2+BbBQM M/ +iBQMX 1/X #v LB+?QHb _2b+?2`X SBiib@
#m`;?- RNed- TTX NeĜRyjX
(G2rYye) JB+?2H aX G2r- LB+m a2#2- *?#M2 .D2`#- M/ _K2b? CBMX ǳ*QMi2Mi@#b2/
JmHiBK2/B AM7Q`KiBQM _2i`B2pH, aii2 Q7 i?2 `i M/ *?HH2M;2bǴX AM, *J
h`Mb+iBQMb QM JmHiBK2/B *QKTmiBM;- *QKKmMB+iBQMb- M/ TTHB+iBQMb UhPJ@
**SV kXR UkyyeV- TTX RĜRNX
(G2rNd) .pB/ .X G2rBbX _2mi2`b@kR8d3- /Bbi`B#miBQM RXy U*Q`TmbVX RNNdX m`H, ?iiT,ffF//X
B+bXm+BX2/mf/i#b2bf`2mi2`bkR8d3f`2mi2`bkR8d3X?iKHX
(G2r3e) .pB/ EX G2rBbX PM i?2 SHm`HBiv Q7 qQ`H/bX oQHX jkkX *K#`B/;2 lMBp S`2bb- RN3eX
(GBMYRy) *BM/v sB/2 GBM- "Q w?Q- ZBQx?m J2B- M/ CBr2B >MX ǳS1h,  aiiBbiB+H
JQ/2H 7Q` SQTmH` 1p2Mib h`+FBM; BM aQ+BH *QKKmMBiB2bǴX AM, S`Q+22/BM;b Q7 i?2
Rei? *J aA:E.. AMi2`MiBQMH *QM72`2M+2 QM EMQrH2/;2 .Bb+Qp2`v M/ .i
JBMBM;X E.. ǶRyX qb?BM;iQM- .*- la, *J- kyRy- TTX NkNĜNj3X Bb#M, Nd3@R@
98yj@yy88@RX /QB, RyXRR98fR3j83y9XR3j8NkkX
(Gh>RR) sm2HBM; GBm- _T?ďH h`QM+v- M/ "2MQBi >m2iX ǳ6BM/BM; J2/B AHHmbi`iBM; 1p2MibǴX
AM, S`Q+22/BM;b Q7 i?2 Rbi *J AMi2`MiBQMH *QM72`2M+2 QM JmHiBK2/B _2i`B2pHX
A*J_ ǶRRX h`2MiQ- AiHv, *J- kyRR- 83,RĜ83,3X Bb#M, Nd3@R@98yj@yjje@RX /QB, RyX
RR98fRNNRNNeXRNNky89X
(GQpRR) CQ?M GQp2iiX aQ+BH J2/B J2i`B+b a2+`2ibX oQHX R8NX CQ?M qBH2v  aQMb- kyRRX
(J+Yed) CK2b J+Zm22M 2i HX ǳaQK2 J2i?Q/b 7Q` *HbbB}+iBQM M/ MHvbBb Q7 JmHiBp`B@
i2 P#b2`piBQMbǴX AM, S`Q+22/BM;b Q7 i?2 }7i? "2`F2H2v bvKTQbBmK QM Ki?2KiB+H
biiBbiB+b M/ T`Q##BHBivX oQHX RX R9X *HB7Q`MB- laX RNed- TTX k3RĜkNdX
(J>SRR) *Hm/B JB2M#Q`M- EHmb pQM >2mbBM;2`- M/ SmH SQ`iM2`X a2KMiB+b, M AM@
i2`MiBQMH >M/#QQF Q7 Lim`H GM;m;2 J2MBM;X oQHX jjX qHi2` /2 :`mvi2`-
kyRRX
(JFyj) Cm? JFFQM2MX ǳAMp2biB;iBQMb QM 1p2Mi 1pQHmiBQM BM h.hǴX AM, S`Q+22/BM;b Q7 i?2
kyyj *QM72`2M+2 Q7 i?2 LQ`i? K2`B+M *?Ti2` Q7 i?2 bbQ+BiBQM 7Q` *QKTmi@
iBQMH GBM;mBbiB+b QM >mKM GM;m;2 h2+?MQHQ;v, S`Q+22/BM;b Q7 i?2 >Gh@L*G
kyyj aim/2Mi _2b2`+? qQ`Fb?QT@oQHmK2 jX bbQ+BiBQM 7Q` *QKTmiiBQMH GBM;mBb@
iB+bX kyyj- TTX 9jĜ93X
(J:Rj) .MB2H JM+?QM@oBMxm2i2 M/ spB2` :B`Q@B@LB2iQX ǳlS* i J2/B1pH kyRj aQ+BH
1p2Mi .2i2+iBQM hbFǴX AM, J2/B1pH kyRj qQ`Fb?QTX aTBM- kyRjX
(Jayj) J`FQb J`FQm M/ aK22` aBM;?X ǳLQp2Hiv .2i2+iBQM,  _2pB2rěS`i R, aiiBb@
iB+H TT`Q+?2bǴX AM, aB;MH T`Q+2bbBM; 3jXRk UkyyjV- TTX k93RĜk9NdX
(Jayj#) J`FQb J`FQm M/ aK22` aBM;?X ǳLQp2Hiv .2i2+iBQM,  _2pB2rěS`i k, L2m`H
L2irQ`F "b2/ TT`Q+?2bǴX AM, aB;MH T`Q+2bbBM; 3jXRk UkyyjV- TTX k9NNĜk8kRX

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(JbYRy) JQ?KK/ JX Jbm/- ZBM; *?2M- CBM; :Q- GiB7m` E?M- CBr2B >M- M/ "?@
pMB JX h?m`BbBM;?KX ǳ*HbbB}+iBQM M/ LQp2H *Hbb .2i2+iBQM Q7 .i ai`2Kb
BM  .vMKB+ 62im`2 aT+2XǴ AM, 1*JGfSE.. UkVX 1/X #v CQbû GX "H+x`-
6`M+2b+Q "QM+?B- `BbiB/2b :BQMBb- M/ JB+?ĕH2 a2#;X oQHX ejkkX G2+im`2 LQi2b
BM *QKTmi2` a+B2M+2X aT`BM;2`- kyRy- TTX jjdĜj8kX Bb#M, Nd3@j@e9k@R833k@dX
(JbYRR) JQ?KK/ JX Jbm/- CBM; :Q- GiB7m` E?M- CBr2B >M- M/ "?pMB h?m@
`BbBM;?KX ǳ*HbbB}+iBQM M/ LQp2H *Hbb .2i2+iBQM BM *QM+2Ti@.`B7iBM; .i
ai`2Kb mM/2` hBK2 *QMbi`BMibǴX AM, EMQrH2/;2 M/ .i 1M;BM22`BM;- A111
h`Mb+iBQMb QM kjXe UkyRRV- TTX 38NĜ3d9X
(JLlyy) M/`2r J+*HHmK- EKH LB;K- M/ GvH2 >X lM;`X ǳ1{+B2Mi *Hmbi2`BM; Q7
>B;?@.BK2MbBQMH .i a2ib rBi? TTHB+iBQM iQ _272`2M+2 Ji+?BM;ǴX AM, S`Q+22/@
BM;b Q7 i?2 aBti? *J aA:E.. AMi2`MiBQMH *QM72`2M+2 QM EMQrH2/;2 .Bb+Qp2`v
M/ .i JBMBM;X *JX kyyy- TTX ReNĜRd3X
(J+*Nj) a+Qii J+*HQm/X lM/2`biM/BM; *QKB+b, h?2 AMpBbB#H2 `iX 1/X #v J`F J`iBMX
hmM/` Sm#HBb?BM;- RNNjX
(JEye) Jii?2rJB+?2HbQM M/ *`B; X EMQ#HQ+FX ǳG2`MBM; "HQ+FBM; a+?2K2b 7Q` _2+Q`/
GBMF;2ǴX AM, S`Q+22/BM;b Q7 i?2 LiBQMH *QM72`2M+2 QM `iB}+BH AMi2HHB;2M+2X
oQHX kRX RX J2MHQ S`F- *c *K#`B/;2- Jc GQM/QMc A S`2bbc JAh S`2bbc
RNNNX kyye- TX 99yX
(JBiNN) hQK JX JBi+?2HHX ǳJ+?BM2 G2`MBM; M/ .i JBMBM;ǴX AM, *QKKmMX *J 9kXRR
ULQpX RNNNV- TTX jyĜjeX BbbM, yyyR@yd3kX /QB, RyXRR98fjRNj3kXjRNj33X
(Jm`yk) :`2;Q`v G2Q Jm`T?vX h?2 "B; "QQF Q7 *QM+2TibX JAh S`2bb- kyykX
(LHYy3) Jm`BHQ *Q2H?Q LH/B- M/`û*XSXGX6X /2 *`pH?Q- _B+`/QCQbû:#`B2HHB"``2iQ
*KT2HH- M/ 2/m`/Q_mH >`mb+?FX ǳ:2M2iB+ *Hmbi2`BM; 7Q` .i JBMBM;ǴX AM,
aQ7i *QKTmiBM; 7Q` EMQrH2/;2 .Bb+Qp2`v M/ .i JBMBM;X 1/X #v P/2/ JBKQM
M/ GBQ` _QF+?X aT`BM;2` la- kyy3- TTX RRjĜRjkX Bb#M, Nd3@y@j3d@eNNj9@NX /QB,
RyXRyydfNd3@y@j3d@eNNj8@en8X
(L2B3e) lH`B+ L2Bbb2`X ǳL2bi2/ ai`m+im`2 BM miQ#BQ;`T?B+H J2KQ`vǴX AM, miQ#BQ;`T?B@
+H J2KQ`vX 1/X #v .pB/ _m#BMX qBH2v PMHBM2 GB#``v- RN3eX *?TX 8X
(L1de) .``2M L2ribQM M/ :`2i+?2M 1M;[mBbiX ǳh?2 S2`+2TimH P`;MBxiBQM Q7 PM;QBM;
"2?pBQ`ǴX AM, CQm`MH Q7 1tT2`BK2MiH aQ+BH Sbv+?QHQ;v RkX8 URNdeV- TTX 9jeĜ98yX
(L1"dd) .``2M L2ribQM- :`2i+?2M  1M;[mBbi- M/ CQv+2 "QBbX ǳh?2 P#D2+iBp2 "bBb Q7
"2?pBQ` lMBibǴX AM, CQm`MH Q7 S2`bQMHBiv M/ aQ+BH Sbv+?QHQ;v j8XRk URNddV-
TX 39dX
(L2rY3d) .``2M L2ribQM- CQM >B`}2H/- CQ?M "HQQKBM;/H2- M/ ai2p2M *miBMQX ǳh?2
ai`m+im`2 Q7 +iBQM M/ AMi2`+iBQMǴX AM, aQ+BH *Q;MBiBQM 8Xj URN3dV- TTX RNRĜkjdX
(L;mYRj) h`m+@oB2M L;mv2M- JBM?@aQM .Q- _B++`/Q JiiBpB- 1KMm2H2 aMbQM2- 6`M+2b+Q
:" .2 LiH2- M/ :BmHB "QiQX ǳ1p2Mi *Hmbi2`BM; M/ *HbbB}+iBQM 7`QK aQ@




(Pp2YRk) SmH Pp2`- :2Q`;2 r/- CQMi?M 6Bb+mb- :`2; aM/2`b- "`#` a?r- J`@
iBH JB+?2H- HM 6X aK2iQM- q2bb2H E`BD- :2Q`;2b ZmûMQi- 2i HX ǳh_1*oA.
kyRk M Pp2`pB2r Q7 i?2 :QHb- hbFb- .i- 1pHmiBQM J2+?MBbKb M/ J2i`B+bǴX
AM, S`Q+22/BM;b Q7 h_1*oA. kyRkX kyRkX
(STYRj) avK2QM ST/QTQmHQb- 1KKMQmBH a+?BMb- obBH2BQb J2x`Bb- _T?ďH h`QM+v-
M/ AQMMBb EQKTibB`BbX ǳh?2 kyRk aQ+BH 1p2Mi .2i2+iBQM .ib2iǴX AM, S`Q@
+22/BM;b Q7 i?2 9i? *J JmHiBK2/B avbi2Kb *QM72`2M+2X JJavb ǶRjX PbHQ- LQ`@
rv, *J- kyRj- TTX RykĜRydX Bb#M, Nd3@R@98yj@R3N9@8X /QB, RyXRR98fk93jNddX
k93jN3NX
(STYRj#) i?MbBQb STQBFQMQKQm- EQMbiMiBMQb hb2`T2b- J;/HBMB E`/`- M/ h?2Q/Q`
o`p`B;QmX ǳ bBKBH`Biv@#b2/ *?BM2b2 _2bim`Mi S`Q+2bb 7Q` aQ+BH 1p2Mi .2@
i2+iBQMǴX AM, J2/B1pH kyRj qQ`Fb?QTX aTBM- kyRjX
(SN3) _X STF M/ CX HHMX PM@GBM2 L2r 1p2Mi .2i2+iBQM mbBM; aBM;H2 Sbb *Hmbi2`BM;X
h2+?X `2TX K?2`bi- J- la, lMBp2`bBiv Q7 Jbb+?mb2iib- RNN3X
(S2iYR9) :2Q`;BQb S2iFQb- avK2QM ST/QTQmHQb- obBH2BQb J2x`Bb- _T?2H h`QM+v- S?BHBTT
*BKBMQ- hBKQ _2mi2`- M/ uBMMBb EQKTibB`BbX ǳaQ+BH 1p2Mi .2i2+iBQM i J2@
/B1pH,  h?`22@v2` _2i`QbT2+i Q7 hbFb M/ _2bmHibǴX AM, S`Q+X *J A*J_ kyR9
qQ`Fb?QT QM aQ+BH 1p2Mib BM q2# JmHiBK2/B Ua1qJVX :Hb;Qr- lE- T`BH kyR9-
kyR9X
(SHNN) CQ?M *X SHiiX ǳS`Q##BHBbiB+ PmiTmib 7Q` amTTQ`i o2+iQ` J+?BM2b M/ *QKT`@
BbQMb iQ _2;mH`Bx2/ GBF2HB?QQ/ J2i?Q/bǴX AM, /pM+2b BM G`;2 J`;BM *HbbB}2`bX
RNNNX
(S*6yj) CQ?M *X SHii- J`v *x2`rBMbFB- M/ "`2Mi X 6B2H/X ǳS?QiQhP*, miQKiB+ *Hmb@
i2`BM; 7Q` "`QrbBM; S2`bQMH S?QiQ;`T?bǴX AM, S`Q+22/BM;b Q7 i?2 kyyj CQBMi *QM@
72`2M+2 Q7 i?2 6Qm`i? AMi2`MiBQMH *QM72`2M+2 QM AM7Q`KiBQM- *QKKmMB+iBQMb
M/ aB;MH S`Q+2bbBM;- kyyj M/ 6Qm`i? S+B}+ _BK *QM72`2M+2 QM JmHiBK2/BX
oQHX RX A111X kyyj- TTX eĜRyX
(ZmB38) qBHH`/ oM P`KM ZmBM2X ǳ1p2Mib M/ _2B}+iBQMǴX AM, +iBQMb M/ 1p2Mib, S2`@
bT2+iBp2b QM i?2 S?BHQbQT?v Q7 .QMH/ .pB/bQM URN38V- TTX RekĜRdRX
(_7YRj) .BKBi`Qb _7BHB/Bb- h?2Q/Q`Qb a2K2`ixB/Bb- JB+?HBb Gx`B/Bb- JB+?2H :X ai`BMixBb-
M/ S2i`Qb .`bX ǳ .i@.`Bp2M TT`Q+? 7Q` aQ+BH 1p2Mi .2i2+iBQMǴX AM, J2@
/B1pH kyRj qQ`Fb?QTX aTBM- kyRjX
(__ayy) a`B/?` _KbrKv- _D22p _biQ;B- M/ Evmb2QF a?BKX ǳ1{+B2Mi H;Q`Bi?Kb 7Q`
JBMBM; PmiHB2`b 7`QK G`;2 .i a2ibǴX AM, aA:JP. *QM72`2M+2X 1/X #v q2B/QM;
*?2M- C2z`2v 6X Lm;?iQM- M/ S?BHBT X "2`Mbi2BMX aA:JP. _2+Q`/ kNUkV- CmM2
kyyyX *J- kyyy- TTX 9kdĜ9j3X Bb#M, R@83RRj@kR3@kX
(_iYyk) :mMM` _ib+?- a2#biBM JBF- "2`M?`/ a+?ƺHFQT7- M/ EX JɃHH2`X ǳ*QMbi`m+i@
BM; "QQbiBM; H;Q`Bi?Kb 7`QK aoJb, M TTHB+iBQM iQ PM2@+Hbb *HbbB}+iBQMǴX




(_:Lyd) hv2 _ii2M#m`v- Li?MB2H :QQ/- M/ JQ` LKMX ǳhQr`/b miQKiB+ 1ti`+@
iBQM Q7 1p2Mi M/ SH+2 a2KMiB+b 7`QK 6HB+F` h;bǴX AM, S`Q+22/BM;b Q7 i?2 jyi?
MMmH AMi2`MiBQMH *J aA:A_ *QM72`2M+2 QM _2b2`+? M/ .2p2HQTK2Mi BM
AM7Q`KiBQM _2i`B2pHX *JX kyyd- TTX RyjĜRRyX
(_LyN) hv2 _ii2M#m`v M/ JQ` LKMX ǳJ2i?Q/b 7Q` 1ti`+iBM; SH+2 a2KMiB+b 7`QK
6HB+F` h;bǴX AM, *J h`Mb+iBQMb QM i?2 q2# Uhq1"V jXR UkyyNVX
(_aye) ai2z2M _2M/H2 M/ G`b a+?KB/i@h?B2K2X ǳP#D2+i A/2MiB}+iBQM rBi? *QMbi`BMibǴX
AM, aBti? AMi2`MiBQMH *QM72`2M+2 QM .i JBMBM;- kyyeX A*.JǶyeX A111X kyye-
TTX RykeĜRyjRX
(_ay3) ai2z2M _2M/H2 M/ G`b a+?KB/i@h?B2K2X ǳa+HBM; _2+Q`/ GBMF;2 iQ LQM@mMB7Q`K
.Bbi`B#mi2/ *Hbb aBx2bǴX AM, /pM+2b BM EMQrH2/;2 .Bb+Qp2`v M/ .i JBMBM;X
aT`BM;2`- kyy3- TTX jy3ĜjRNX
(_*Rk) hBKQ _2mi2` M/ S?BHBTT *BKBMQX ǳ1p2Mi@#b2/ *HbbB}+iBQM Q7 aQ+BH J2/B
ai`2KbǴX AM, S`Q+22/BM;b Q7 i?2 *J AMi2`MiBQMH *QM72`2M+2 QM JmHiBK2/B
_2i`B2pH UA*J_ kyRkVX kyRkX
(_*RR) hBKQ _2mi2` M/ S?BHBTT *BKBMQX ǳG2`MBM; aBKBH`Biv 6mM+iBQMb 7Q` 1p2Mi A/2M@
iB}+iBQM mbBM; amTTQ`i o2+iQ` J+?BM2bXǴ AM, E.A_X 1/X #v CQ[mBK 6BHBT2 M/
M GX LX 6`2/X a+Bh2S`2bb- kyRR- TTX ky3ĜkR8X Bb#M, Nd3@N3N@39k8@dN@NX
(_2mYR9) hBKQ _2mi2`- avK2QM ST/QTQmHQb- obBHBQb J2x`Bb- M/ S?BHBTT *BKBMQX ǳ_2@
a11., aQ+BH 1p2Mi /1i2+iBQM .ib2iǴX AM, S`Q+22/BM;b Q7 i?2 8i? *JJmHiBK2/B
avbi2Kb *QM72`2M+2X *JX kyR9- TTX j8Ĝ9yX
(_2mYRj) hBKQ _2mi2`- avK2QM ST/QTQmHQb- :BQ`;Qb S2iFQb- obBH2BQb J2x`Bb- uBMMBb
EQKTibB`Bb- S?BHBTT *BKBMQ- *?`BbiQT?2` /2 o`B2b- M/ a?HQKQ :2pX ǳaQ+BH
1p2Mi .2i2+iBQM i J2/B1pH kyRj, *?HH2M;2b- .ib2ib- M/ 1pHmiBQMǴX AM,
S`Q+22/BM;b Q7 i?2 J2/B1pH kyRj JmHiBK2/B "2M+?K`F qQ`Fb?QTX S`Q+22/BM;b
Q7 i?2 J2/B1pH JmHiBK2/B "2M+?K`F qQ`Fb?QTX "`+2HQM- aTBM- kyRjX
(_B+Nj) JB+?2H JX _B+?i2`X ǳ*HbbB}+iBQM M/ G2`MBM; Q7 aBKBH`Biv J2bm`2bǴX AM, AM7Q`@
KiBQM M/ *HbbB}+iBQMX 1/X #v PiiQ PTBix- "2`i?QH/ Gmb2M- M/ _Ƀ/B;2` EH`X
aim/B2b BM *HbbB}+iBQM- .i MHvbBb M/ EMQrH2/;2 P`;MBxiBQMX aT`BM;2`
"2`HBM >2B/2H#2`;- RNNj- TTX jkjĜjj9X Bb#M, Nd3@j@89y@8edje@jX /QB, RyXRyydfNd3@
j@e9k@8yNd9@knjjX
(_Q#Nk) CQ?M X _Q#BMbQMX ǳ6B`bi 1tT2`B2M+2 J2KQ`B2b, *QMi2tib M/ 6mM+iBQMb BM S2`@
bQMH >BbiQ`B2bǴX AM, h?2Q`2iB+H S2`bT2+iBp2b QM miQ#BQ;`T?B+H J2KQ`vX aT`BM;2`-
RNNk- TTX kkjĜkjNX
(_Qbd8) 1H2MQ` _Qb+?X ǳ*Q;MBiBp2 _2T`2b2MiiBQMb Q7 a2KMiB+ *i2;Q`B2bǴX AM, CQm`MH Q7
1tT2`BK2MiH Sbv+?QHQ;v, :2M2`H Ry9Xj URNd8V- TX RNkX




(_Jd8) 1H2MQ` _Qb+? M/ *`QHvM "X J2`pBbX ǳ6KBHv _2b2K#HM+2b, aim/B2b BM i?2 AM@
i2`MH ai`m+im`2 Q7 *i2;Q`B2bǴX AM, *Q;MBiBp2 Sbv+?QHQ;v dX9 URNd8V- TTX 8djĜey8X
BbbM, yyRy@yk38X /QB, RyXRyRefyyRy@yk38Ud8VNyyk9@NX
(aHNR) ai2p2M aHx#2`;X ǳ L2`2bi >vT2``2+iM;H2 G2`MBM; J2i?Q/ǴX AM, J+?BM2 H2`M@
BM; eXj URNNRV- TTX k8RĜkdeX
(aKYRj) aBM aKM;QQ2B- CQMi?M >`2- .pB/ .mTTHr- J?2bM LB`MDM- LB+?QHb
:B##BMb- M/ SmH G2rBbX ǳaQ+BH 1p2Mi .2i2+iBQM pB aT`b2 JmHiB@KQ/H 62im`2
a2H2+iBQM M/ AM+`2K2MiH .2MbBiv #b2/ *Hmbi2`BM;ǴX AM,J2/B1pH kyRj qQ`Fb?QTX
aTBM- kyRjX
(aMN9) J`F aM/2`bQMX ǳ_2mi2`b h2bi *QHH2+iBQMǴX AM, "a* A_a: URNN9VX
(a`Yy9) _BbiQ a`pb- JBFFQ oBBF`B- Cm? S2bQM2M- M/ >MMQ L2pMHBMMX ǳJQ#a?`2,
*QMi`QHH2/ M/ AKK2/Bi2 a?`BM; Q7 JQ#BH2 AK;2bǴX AM, S`Q+22/BM;b Q7 i?2 Rki?
MMmH *J AMi2`MiBQMH *QM72`2M+2 QM JmHiBK2/BX *JX kyy9- TTX dk9ĜdjRX
(apRR) 1BF2 pQM apB;MvX Gm/rB; qBii;2Mbi2BM, S?BHQbQT?Bb+?2 lMi2`bm+?mM;2MX oQHX RjX
qHi2` /2 :`mvi2`- kyRRX
(a+?YRj) 1KKMQmBH a+?BMb- 1H2MB JMixBQm- avK2QM ST/QTQmHQb- :2Q`;BQb S2iFQb- M/
uBMMBb EQKTibB`BbX ǳ*1_h> ! J2/B1pH kyRj aQ+BH 1p2Mi .2i2+iBQM hbFǴX
AM, J2/B1pH kyRj qQ`Fb?QTX aTBM- kyRjX
(awy3) h?QKb 6X a?BTH2v M/ C2z`2v JX w+FbX lM/2`biM/BM; 1p2Mib, 6`QK S2`+2TiBQM
iQ +iBQMX Pt7Q`/ a2`B2b BM oBbmH *Q;MBiBQMX Pt7Q`/ lMBp2`bBiv S`2bb- la- kyy3X
Bb#M, Nd3yRN3y9ydy8X
(aJ3R) 1/r`/ 1X aKBi? M/ .Qm;Hb GX J2/BMX *i2;Q`B2b M/ *QM+2TibX >`p`/ lMB@
p2`bBiv S`2bb *K#`B/;2- J- RN3RX
(aLyR) "2MMQ ai2BM M/ PHBp2` LB;;2KMMX ǳ:2M2`iBQM Q7 aBKBH`Biv J2bm`2b 7`QK .B7@
72`2Mi aQm`+2bǴX AM, 1M;BM22`BM; Q7 AMi2HHB;2Mi avbi2KbX aT`BM;2`- kyyR- TTX RNdĜ
kyeX
(ai28e) >m;Q ai2BM?mbX ǳam` H /BpBbBQM /2b +Q`Tb Kiû`B2Hb 2M T`iB2bǴX AM, "mHHX +/X
SQHQMX a+BX *HX AAAX 9 URN8eV- TTX 3yRĜ3y9X
(a:Jyy) H2tM/2` ai`2?H- CQv/22T :?Qb?- M/ _vKQM/ JQQM2vX ǳAKT+i Q7 aBKBH`Biv
J2bm`2b QM q2#@T;2 *Hmbi2`BM;ǴX AM,qQ`Fb?QT QM `iB}+BH AMi2HHB;2M+2 7Q` q2#
a2`+? UA kyyyVX kyyy- TTX 83Ĝe9X
(am/de) a2vKQm` am/KMX TTHB2/ aKTHBM;X +/2KB+ S`2bb L2r uQ`F- RNdeX
(aYN3) *2+BHB am`+2- EX qQ`/2M- 2i HX ǳ LQp2Hiv .2i2+iBQM J2i?Q/ iQ .B;MQb2 .K@
;2 BM ai`m+im`2b, M TTHB+iBQM iQ M Pzb?Q`2 SHi7Q`KǴX AM, h?2 1B;?i? AM@
i2`MiBQMH Pzb?Q`2 M/ SQH` 1M;BM22`BM; *QM72`2M+2X AMi2`MiBQMH aQ+B2iv Q7
Pzb?Q`2 M/ SQH` 1M;BM22`bX RNN3X
(aLRj) hm}F amiMQ M/ _B+?B LvFX ǳ.J_: ! J2/B1pH kyRj aQ+BH 1p2Mi .2i2+@
iBQMǴX AM, J2/B1pH kyRj qQ`Fb?QTX aTBM- kyRjX

%LEOLRJUDSK\
(hiYyj) L2bBK2 hi#mH- lĴm` Î2iBMi2K2H- aiM w/QMBF- JBi+? *?2`MB+F- M/ JB+?2H
aiQM2#`F2`X ǳGQ/ a?2//BM; BM  .i ai`2K JM;2`ǴX AM, S`Q+22/BM;b Q7 i?2
kNi? AMi2`MiBQMH *QM72`2M+2 QM o2`v G`;2 .i "b2b@oQHmK2 kNX oG." 1M@
/QrK2MiX kyyj- TTX jyNĜjkyX
(haayj) .BQMvbbBQb h?2Q}HQm- oQHF2` ai2m#2`- M/ 1`BF .2 a+?mii2`X ǳLQp2Hiv .2i2+iBQM BM
 EQ?QM2M@HBF2 L2irQ`F rBi?  GQM;@i2`K .2T`2bbBQM G2`MBM; _mH2ǴX AM, L2m`Q@
+QKTmiBM; 8k UkyyjV- TTX 9RRĜ9RdX
(h`R9) h_1*oA. JmHiBK2/B 1p2Mi .2i2+iBQM h`+FX kyR9 h_1*oA. JmHiBK2/B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iBQM H;Q`Bi?KbX aT`BM;2`- kyyRX
(o:y9) /K oBMm2x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 o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M/ .2p2HQTK2Mi BM AM7Q`K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